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‘ g 1 growth 


Fundamentals of Physical Science. K. B. Kraus 
KOPF. Illustrated. x +660 pp. $3.50. 1941. Me 
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Ditts, Illustrated. xiv+219 pp. $2.50. April, 
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the telephone rhe book recounts its social and eco 

fy ] ] 


nomic effect, and describes many aspects of telephonic 


progress, including the development of by-products 


Butterflies. R. W. MAcrEy and H. H. SHEPARD. 
Illustrated. vii+247 pp. $3.50. July, 1941. Min 


nesota. 


rhe first part tells about butterflies in general, their 
natural history, methods of collection, et« A chapter 
is then devoted to each of the nine families in North 
ern United States in which detailed descriptions of 


lifferent species are given 


Textbook of Psychiatry. A. Noyes and E. Hay 
pon. 3rd ed. x+315 pp. $2.50. 1940. Ma 
millan. 


The book opens with a discussion of the nature o 


mental processes in general This is followed by an 
examination of the causes, symptoms and cures of 
eighteen diseases A discussion of the practical as 


pects of nursing closes the book 


New England’s Fishing Industry. A. ACKERMAN. 
Illustrated. xix+294 pp. $4.00. July, 1941, 
Chicago. 


The author undertakes to describe the commercial 
fisheries of New England in all of its phases Em 
phasis throughout the volume, however, is placed upon 
distributional phenomena and the broader aspects of 


regional geography 
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practical application to the cult fg 
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unpublished papers rhe two vo 
plete collection of Pavlov's p 
tioned refiexes and psychiatry from 1% 
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ships between the physician and the pa 
of doctoring, vivisection, popular fads 
ture prospects of medicine 
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$2.75. March, 1941. Harper. 


Mr. Huxley, the well-known Eng 
writer, has collected into one volume st 


teen essays, written 





ranging from “The Courtship of Ar 
Intelligence of Birds” to “Scientifie H 


“Religion as an Objective Problem 
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xllli+296 pp. $2.00. 1941. Stokes 
This is the story of an expedition to B 
upon the author’s own adventures colle 


and executing undersea photography and | 


well as upon the experiences and repor 
dents of marine life 

Into China. FE. BIGLAND. Illustr 
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gardener, amateur botanist and teacher 
cluded. 
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CHEMICAL PROPERTIES OF VIRUSES 
By Dr. W. M. STANLEY 
} 
‘ vears ago over a hundred Viruses as ifeiess as pebbles ! 1! aL : 
recognized, vet it would have been which. even after ears ; 
ally impossible to write then on were ready to s] : 
present subject, for at that time cause cdiisease al death whet ! : 
tically nothine was known about the by chance or by des nto certan 4 
emical properties of viruses These ‘ells 1) rtue f their ab - 
: 
wents, which are responsible for untold) mutate or fom riants, tl j 
ons of illnesses and deaths amongst to change and adapt themselves - 
yple, animals and plants, were recog surroundings and maditions and t s 
“l only by means of the diseases not only to retain but to enlarge t ! 
which they caused, diseases such as place in a chang yr world hie t 
smallpox, parrot fever, vellow fever, St that the viruses were r 
Louis encephalitis, poliomyelitis, horse means of the diseases which the 
encephalomyelitis, foot-and-mouth dis and the fact that these diseases r 
ease of cattle, louping ill of sheep, hog becoming of increas mport: 
holera, rabies, dog distemper, fowl pox, served to add to the mantle of 1 
ertain types of tumorous growths in which surrounded them and to 
vis and other animals, jaundice of the challenge which they present: 
sikworms and various vellows and mo In 1935 a tangible characterist 
saic diseases of plants The general rial possessing VITuUus activit ¥uS ISK ted 
nature of the agents responsible for such from Turkish tobaceo plants diseas 
diseases was a matter of much conjee with tobacco mosa rus 
ture. When placed in certain living available for chemical st 
ls, these agents could multiply, mutate rial, which appeared to be a. 
r undergo variation to form new strains, tein of enormous size possess . 
and induce immunity. They seemed to distinetive properties, was obtains 
have many of the properties OL very every ot of diseased Pun SI 
small living organisms such as the bae plants examine The sa 
teria; vet, unlike most bacteria, they was obtained fro arious : 
re too small to be seen by means of the nstances unretlater species of 
unars microscope and eould not be diseased plat tS ~ rhytty +} 
luced to multiply in the absence of though closely related, nucleoproteins 
ng cells. Thev were mysterious, in were isolated from plants diseased t} 
sible somethings which, in the absence strains of tobacco mosai rus. The 
living cells, appeared as harmless and purified preparations possesse 
107 
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FIG. 1. TOBACCO MOSAIC VIRUS 


EACH NEEDLE-LIK CRYSTAI CONTAINS MANY 
MOLE( LES OF VIRUS AND HAS BEEN REFERRED TO 
AS PARA-CRYSTALLINE, SINCI X-RAY DATA INDI 


CATE A LACK OF INTERMOLECULAR REGULARITY IN 
rHE DIRECTION OF THE LENGTH MAGNIFICATION 
ties which were characteristic, not of the 
hosts in which they were produced, but 
of the virus or virus strain. An unex- 
pected finding was that mosaic-diseased 
Turkish tobacco plants may contain as 
much as one part per 500 of the high 
molecular weight nucleoprotein The 
amount of material isolable varied in 
other cases and appeared to depend upon 
the host and the strain of the virus, and 
in some instances was only a small frac- 
tion of the amount obtainable from 
mosaic-diseased Turkish tobaeco plants. 
To date all attempts to separate tobacco 
mosaic virus activity from the nucleo 
protein have failed and the material, 
which can be obtained in the form of long 
thin paracrystalline needles (Fig. 1), 
has come to be regarded as erystalline 


tobacco mosaic virus. The material pro- 
vided the first information regarding the 


veneral nature and chen 


this virus and, although it 


was and remains a debata 


isolation removed some of 


surrounding the gener 
viruses and served as an 


the search for similar mi 


s Ad 


ble 1 


iteriais 


ease of other virus diseases 


The isolation of eryst 
mosaic virus was followed 
ration from various virus-( 
of over 20 ervstalline 


materials possessing some 


alline 
1 

Ov the 
liseas 
ol nl 


ties of the respective viruses 


strains. In not every ¢a 
proved that the material 
pure and consists of virus 
several cases it has been pr 


reasonable doubt that the 


sf nas 


IS @SS 


“oved be 


mate} 


sist ot the respective viruses 1n a 


tially pure state, and in 1 
virus activity been obtan 
sence of the characteristic 
chiefly to our older ideas 
of viruses, the erystallini 


the purified preparations 


first as a rather spectacular pr 


vet, if these materials aré 


proteins, erystallinity be 


tO INST 


ied i 
“Tf 
mate! 
ge 4) 
0 | 

T \ 


\ . 


maya 


* CONS 


Fomes 


pected rather than an unexpect: 


erty, for many proteins are kno 


erystallizable. Careful ai 
sideration will reveal thi 


or the lack of erystallinity 


id mat 
it crys 


IS Of 1 


; 


importance in connection with the 


or general nature of a n 


important chiefly because it makes 


sible to obtain certain 
x-ray data which would 
unobtainable. 


laterial 


solubi 


othe 


There is not sufficient space 


tailed discussion of the chemical 


ties of all the preparati 


viruses and, in order to provide } 


an idea of their general ¢] 
ties. I shall devote most 


sively investigated from this stan 


namely, tobacco mosaic 


ms ot 


lemica 


of the 


the two viruses which have been 


and 
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shy stunt viruses. These are typical animals Lit SOS 
SPS with respect to tl e essential and hecessil 
onized characteristics of a virus: erties, al i DOs SeS 
t must be admitted that each has as a 
n special properties which make it mal ruses been st 
inusually favorable material for Tobace : Ss i 
erimental work Thus, tobacco mo conjugated t, nts + On 
virus Is among the most stable of all per cent. prot ) 
ises and reaches a concentration in «veld. The latter has 
rkish tobaeco plants which is far tain url n 
eater than that reached by most ViIruses adenine, al t e a test 
their respective hosts even under the but not for a desoxypentoss 
st favorable eonditions and bus} \ appears i be OF tie yeast l than 
stunt is the only virus which has been ©! the thymus nuele acid t USI 
tained in the form of large rhombie Stunt virus appears to | ta t do 
deeahedrie ervstals (Fig. 2 How per cent. protem and 17 p ra 
er. there is no more reason for regard nuclele acid of the sat Su 
these viruses as atypical because of round In Tobac Hosa Pus 
such special properties than for regard ring spot rus ntains 40° p , 
Y vaccine VITUS as atypical because of nueleie acid, the | Hest pel : et 
ts unusually large size or foot-and found ina virus. This is also at 
mith disease virus as atypical because "uctele acid type, but tl 
t is the smallest of all viruses. Tobacco bodies of va nia and OF ps Sts 
osaic and bushy stunt are plant dis been found t © a test cl terist 
ses, and it has been areued that the °! thymus } ele acid, With tl aCe] 
ruses of plants differ fundamentally tion of a bacteriophage preparat ° 
from those of animals and, henee. that tained by Kalmanson and Bi 
nformation gleaned from studies on Ue? ana considered to be a simple pro , 
ant viruses has but little significance *!™ all the purified virus pre Hons 
connection with animal viruses. This ‘%® '®! obtained have been at St 


argument was based chiefly on the fail 


1 


ire of plant viruses to grow in animals 
and of animal viruses to grow in plants 
However, because there is no difference 
in the fundamental virus properties, | 
have always considered this to be an 
erroneous viewpoint Within the past 
ew vears, Fukushi secured strong evi 
denee that rice dwarf disease virus mul 
tiphes in its insect veetor, and Kunke 
and more recently Black have obtained 
experimental evidence which demon 
strates beyond a reasonable doubt that 
aster vellows virus can multiply in its 


nsect vector. The growth of a plant 





virus in an animal provides further evi 
denee in support of the conclusion that 
there is no fundamental difference be 
tween the viruses of plants and those of 0 
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FIG TOBACCO VIRUS MOLECULES 
MICROGRAPH OF MOLFE¢ LES OF OBACCO MOSAI( 
VIRUS TAKEN BY MEANS OF THE RCA ELECTRON 
MICROSCOPI MAGNIFICATION 4 000 
a a’ 
j 
! 
| 
| 
— 
d d- 
‘4 ; 
Fi ; 
4 
i a 
‘ 
a 
r 
J 
4 
G. A. Miller 
FIG. 4. ELECTROPHORETIC PATTERN 
SHOWN BY A 0.1 PER CENT. SOLUTION OF TOBACCO 
MOSAIC VIRUS 4 AND D REPRESENT THE ASCEND 
ING AND DESCENDING BOUNDARIES AT THE START 
sd OF THE EXPERIMENT. A’ AND D’ REPRESENT THI 
t SAME BOUNDARIES AT THE END. 
3 
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compiex aS a nucleoprotein TI < 


mav eventually prove of prime 


tance, for it may be recalled that ¢] 


" 
SOTLIECS CONSIST HimostT 


appear TO 


sively oT nucleoprotem some 


appear to contain mm addition soi 
bohvdrate, others lipoid, and st 
appear to be so complex that th 


be hact 


The distribution of 


iIndistinguishable from 


composition 


acids in the protein 


component 


bacco moOsale VITus has been STuciies 


at present only the apparent abs 


histidine and the lack of a prepon 
of arginine and of other know 
amino acids are noteworthy. Tl 
plete amino acid distribution in s 


of this virus and in other 


not been determined as yet, a 
such studies are in progress and n 
vide a clue to the reason for the sj 
itv of viruses and possibly a mea 
distinguishing not only between 
the strains of a 
Dr 


already been found that 


but also between 


For example, with Knight 
the amo 
certain aromatic amino acids 


the 


Val 


the strain of virus Analysis 


preparations of tobacco mosaic \ 


the presence of 3.3. 15 al 


dicated 


per cent. of tyrosine, tryptopha 
phenylalanine, respectively, wit! 
mum deviations of 0.1 per ce 


the tyrosine and 0.2 per cent 


tryptophane and phenylalanine 
The corresponding values in the 
the Holmes 


virus 


riberass strain ofl Tol 


mosale were 6.4, 3.5 and 4 
cent. and 3.8, 
the case of the closely related eur 
These results are o! 
they 


that the mutation of tobacco mosal 


mosaic virus 4 
siderable importance, since 
with the formation of a new strain 
disease ma 
the 
Th 


that the phosphorus content of the 


In turn new 


causes a 
accompanied by changes in 
acid composition of the virus 
strains 


ferent was 


approximate! 





1.4 and 10.2 per cent 
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FIG \BSORPTION PICTURES OF TORAGCS ys ~ 
l i\ h ta ! S ’ { 
absence of significant quantitative } ‘ U.2 
ferences in the) HWCele a tl COMpOonent It ! S si I] ) i 
the strains Because of the elos lensitv of 1.37 
arity between the properties of ol bout v ~ n 


SeS and those of the bearers oft | ered 


t Is Obvious that an ext: sion of this ruca fl Ss I I 
rk should provide information of a Sx 10°° sx . t 
damental nature reeardine the strn mate . 
al changes involved in the mutation ticles of the . 


thin chromosomes The nature of the metrical ay : t 400) +} 


structural alterations which must be re and about 12 1 


R 
sponsible for changes in the virulence by direct observati h t] 
a virus may also be elucidated electron microscope yr. Ad 
lobaceco mosale virus contains 50 per tound that 1 Ss i 
cent. carbon, 7 per cent. hydrogen, 16 dilute solut it 





FIG. 6 DOUBLY REFRACTING STREAM 0] OBACCO MOSAIC 4 

FLOWING FROM \ rt \ I 

50 THAT EACH VIBRATION DIRE« ON O} 
TION OF FLOW Right SAMI 


sive 
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J. A. Carlile 
FIG FISH IN VIRUS SOLUTION 
FISH SWIMMING THROUGH A 0.7 PER CED SO] 
TION O} OBACCO MOSAI HOTO \] ) 
BETWEEN CROSSED POLAROID } ATES GHT 
AREAS SHOW DOUBLE REFRACTION ) 0 OR 
TATION OF ROD VOLE LES OF VI Ss CA sED 
BY (¢ RRENT SET UP BY MOVEMENT O ISH 
280 my in length and about 15 my in 


Kig. 3 Several kinds of evi- 
that the molecular weight 


50 mil 


diameter 
dence indicate 
of tobacco mosaic virus is about 
The 


was estimated several vears ago when the 


lions value of 17 millions, which 


asymmetry was unknown and which was 
based on an assumed asvmmetry constant 
incorrect. However, it 
different 
have different 


of 1.3. is 
that 


mosaic virus may 


IS pos 


sible strains of tobaeco 
moleeu 
lar weights, for the sedimentation con 
stant of the aucuba mosaie strain is mea 
than that of 
mosaic virus and the x-ray data indicate 


that the molecules of the former have the 


surably larger tobacco 


same diameter as that of the molecules 


of tobacco mosaie virus. Furthermore, 
Melchers and coworkers, in a study by 
means of the electron microscope, found 
the 


virus 


the molecules of two strains of to 


bacco mosaic with which they 


worked to have particle lengths of about 
190 m); and 140 mu. 
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FIG. 8 OBJECT IN VIRUS SOLI 
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FIG. 9. SEDIMENTING BOUNDA 


ABSORP ON Pi¢ R SHOW 


BOUNDARY o OMATO 


Tobacco mosaic VITusS VIiVeSsS a ~ 


boundary and migrates at a uniforn 


in the Tiselius el etrophores Ss 2 
Fig. 4 When carefully prepare 


virus sharp boundary 


rlives a 


ultracentrifuge, but on treatment 


salt at room temperature some 


particles appear to aggregate en 
to give a preparation which shows 
boundaries in the ultracentrifuge: 


second more rapidly 


dary is due apparently to a comp 
formed by the end-to-end aggregat 
pairs of molecules (Fig. 5 Furthe 


vregation vields a verv inhomoget 


product which shows a very broad | 
The 
P 


oO! tobacco l 


dary in the ultracentrifuge 


mentation constant 


virus has been found to vary wit 


concentration, due apparently to 


particle forees which become Oot col 


erable magnitude in concentrated 


tions Solutions of tobacco mosak 


sedimenting b 


S 





S 
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t strong double refraction of flow spontaneously do 
electrical double refraction, the upper of whicl 
ver being due to the rod-like shape of | only when caused 
particle and the latter to the particle virus obtained 
asymmetrically charged, either are doubly refract 
manently or as a result of the electri- tobacco  mosa 
field (Fig. 6). The fact that tobacco mosaie 3 and 4 
saie virus Shows strong double refrae somewhat sim 
of flow may prove of considerable Latent mosaic 
ortance in apparently unrelated like shape and appears 
fields, for if hecessar\ the virus could be asvmmetriceal than tobac 
repared in pound lots or in larger The layering phenomenon, the 
mounts and used to study the flow cur sedimentation constant 
ents in apparatus such as pumps and tion, and certain of 
draulic rams or the nature of the flow — studies, of Lauffer’s observ: 
vhen boats or projectiles move through — electro-optical effect and of 
iquid (Figs. 7 and 8 Moderately studies on the thixotropi 
neentrated solutions of the virus, when — tobacco mosai: 
llowed to stand, separate out into two centrated or 


Ant ewe Oe be Oe Om ee 


distinet lavers, the lower of which is solutions there 


3 
. 


Journal of Rioloagical Cher 
FIG. 10. MIXTURE OF TOBACCO MOSAIC VIRUS WITH NORMAL 
RABBIT SERUM 
ONTAMINATING BACTERIUM SERVES TO GIVE A GOOD IDEA OF THI 
CULES OF VIRUS. ELECTRON MICROGRAPH WITH MAGNII 
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FIG. 11. TOBACCO VIRUS WITH ANTI-TOBACCO VIRUS 
WITH 


AN ELECTRON MICROGRAPH W 


which are effective over large distances. 
Although in the past the existence of 
such long-range forces has been denied 
for theoretical reasons, Langmuir and 
Levine independently have recently 
shown that there are in fact good theo- 
retical grounds for their existenee. The 
demonstration of the existence of forces 
acting between molecules hundreds of A 
units apart, and their acceptanee from 
the standpoint of theory alone, may 
prove of great importance in connection 
with our theories of virus reproduction 
and other intracellular events such as the 
duplication of chromosomes 

The carbon, hydrogen and nitrogen 
contents of bushy stunt virus are about 
the same as those of tobacco mosaie \ irus 
However, the phosphorus and sulfur con 
tents of 15 and 0.4 to O.8 per cent., 
respectively, are considerably larger than 
those of tobacco mosaie virus Bushy 
stunt virus has a density of 1.35, a sedi- 
mentation constant of 132 10°'* and a 


Journal of Biological Ci 
RABBIT SERUM 


MAGNIFICATION X CA 13,700 


diffusion constant of 1.15 10 
molecular weight of about 8 mil 
a particle diameter of about 26 1 
be ealeulated from these constants 
tions of bushy stunt virus do not 
double refraction of flow and the 
obtained on ultracentrifugation 
tropic. The particles of the \ irus 
to be essentially spherical in shape 
purified preparations are homo 
when examined in the ultracentrit 
the Tiselius electrophoresis app 
Fig. 9). Bushy stunt virus do 
appear to be susceptible to the p 
aggregation which seems to be a ¢! 
teristic of the rod-shaped viruses 
unlike the latter, the sedimentati 
stant is almost independent of tl 
centration. Several other viruses 
been found to be essentially sphe r 
shape. Among these are alfalfa 1 
virus, which has a molecular we 
about 2 million and a diameter ot 
16 my, and the Shope rabbit pap 
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is. with a molecular weight of abou 


lion and a diameter of about 40 


The elementary bodies of vaceit 
ea diameter ol about 295 muy Ther 
therefore, a vroup oO! rod s| apedc 


ises and a group of viruses which are 
sentially spherical in shape, althoug! 
th the development of more precise 
hniques some of the latter may he 
ind to be definitely ellipsoidal n 


a} 


pe It should be emp! ASI req] that 
‘+h virus has a shape and 


ypear to be quite definite and chara 
stic, regardless of the conditions or 
the host in which the virus is produced 
However, neither this statement nor the 
statements relative to the homogeneity of 
rus preparations in the ultracentrifuge 

electrophoresis apparatus are meant 
» imply that all the particles in a given 
rus preparation are exact replicas 
The fact that variants continually arise 
luring the production of virus would 
always insure the presence in purified 
preparations of a small amount of closely 
related although slightly different par 
ticles There is other evidence. such as 
that obtained by Loring in solubility 
studies on tobacco mosaic virus, which 
ndicates that the purified virus prepara 
tions are not absolutely homogeneous 
chemically but consist of a family of 
very closely related structures. The gen 
eral situation may not be far different 
from that which is now known to exist 
n the case of even very simple struc 
tures, such as sulfur, nitrogen and hydro 
ven, where families of isotopes are the 
rule rather than the exception In this 
connection, It ma\ be stated that the 
problems and relationships which obtain 
with the tremendous virus structures are 
not well clarified at present. However 
from a practical standpoint, there has 
been little difficulty as vet, for there are 
several instances in which, according to 
present techniques, there is a very hig! 


degree of chemical homogeneity 


VIRI 


ShS 





si wet 24 
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A a aR Rl a en 
T’. F inderson and W. M. Stanley 
FIG. 13. MIXTURE OF VIRUSES 


RON MICROGRAPH OF A MIXTURE OF TOBACCO 


MOSAIC AND BUSHY STUNT VIRUSES WITH ANTI 
BUSHY STUNT VIRUS RABBIT SERUM THE MOLI 
CULES Ol rOBACCO MOSAIK VIRUS ARI UNAI 
FECTED; THOSE OF THE BUSHY STUNT VIRUS RI 

UMPED TOGETHER MAGNIFICATION CA 14,000 


with the viruses, for antibodies do not 
appear to be produced in plants. This 
may be due to the nature of plants for, 
despite much effort, no conclusive proof 
of the existence of antibodies in plants 
has been obtained, although Wallace 
secured some suggestive results with 
curly top virus. The serum of a rabbit 
injected with tobacco mosaic virus gives 
a specific precipitate with tobacco mosaic 
virus and specifically neutralizes tobacco 
mosaic virus activity. This reaction has 
been studied with Dr. Anderson by 
means of the electron microscope and the 
ultracentrifuge. Electron micrographs 
of a mixture of virus and normal rabbit 
serum show virus particles of normal 
size, indicating little or no adsorption 
of particles from normal serum on the 
virus molecules (Fig. 10). The sedimen 
tation constant of tobacco mosaic virus 
is essentially unehanged in mixtures con 
taining normal rabbit serum or antisera 
to bushy stunt, ring spot or latent mosaic 
viruses. However, electron micrographs 
of a mixture of tobacco mosaic virus and 
tobacco mosaic virus antiserum from 
rabbits show particles about 60 my wide, 
about 300 my long and having fuzzy pro- 
files (Fig. 11). The inerease in particle 
width and the fuzzy appearance are re- 
garded as indicating that the ends of 


asymmetrically shaped molecules from 
the serum react specifically with the 
virus molecules. No reaction between 


anti-tobacco mosaic virus serum 
bushy stunt virus was demonst) 
either by means of the electron n 
scope or the ultracentrifuge (Fig. ] 
Bushy stunt virus is, however, sp: 
cally precipitated by its own antise1 
(Fig. 13). In general, a_ serolo 
relationship may be demonstrated 
tween different strains of the same ) 
but not between different viruses. H 
ever, Bawden and Pirie have found 
a serological relationship exists bet 
tobacco mosaic and cucumber mosa 
and 4 viruses. This fact and the 
that other properties of these viruses 
very similar may indicate a com 
origin for these viruses. Bawden 
Pirie also noted that the precipitates 
rod-shaped viruses with their antis 
resembled those obtained with bacter 
flagellar antigens, whereas those of 
svmmetrically shaped bushy stunt 
resembled those with somatic antige) 


Tobaceo mosai¢ virus has been foun 
anaphylactogenic by the Schultz-D 
technique and only weakly anaphyla 
venice when tested in vivo 

Viruses are inactivated when subject 
to excessive amounts of acid, alkali 
dizing agents, formaldehyde, urea, ult 
violet light or heat. In general, the rat 
and the amount of the inactivation var 
with the virus and with the severity 
the treatment. Tobacco mosaic virus 
stable between about pH 2 and pH & 


At more acid or more alkaline reactions 


the nucleoprotein is denatured a 
broken up into material of low molecul: 
weight, and the virus activity appears t 
be irreversibly lost. There is some « 

dence that the virus first breaks int 
fairly large pieces and these then cor 
tinue to break up into progressive 
smaller pieces, but more data will be r 
quired before an exact picture of t! 
process may be obtained. The disint: 
gration of virus in urea provides anothe 


interesting process for study. In 6 M 


urea and 0.1 M phosphate buffer at pH 7 

















CHEMICAL PROPERTIES OF 


© mosaic virus Is rapidly disrupted 


appearance of free sulthydry! 
ps, into low molecular weight pro 


omponents which contain no nuecleie 


‘ 


exhibit no double refraction of 
are insoluble in dilute buffers, and 
ssess no virus activity The rate of 
disintegration varies widely with the 
entration Of urea, the concentration 
ectrolyte, the type of electrolyte, the 
drogen-lon concentration and the tem 
rature. The bonds which hold the 
mponent parts of the virus together 
ppear to be released and satisfied by 
f the urea, for the virus structure 


Ose 


terally flies apart. It is obvious that 
studies on these split products should 
eal information concerning the nature 
the components making up the virus 
and perhaps furnish a clue as to the 
mode of synthesis of the virus. Mate 
als similar in structure to urea, such as 
guanidine, as well as apparently unre 
ated substances, such as sodium dodecy] 
sulfate, also cause disintegration of the 
rus. Enzymes have been found to 


‘ 


cause the breakup of certain viruses 
Neither tobacco mosaic nor bushy stunt 

rus is split by trypsin, but this enzyme 
causes the rapid hydrolysis of alfalta 

osaic virus. Tobacco mosaic virus ap 
pears to be digested slowly by pepsin, 
although the rate of hydrolysis is much 
slower than might have been anticipated 
All viruses appear to be denatured by 
heat, and the temperature at which de 
naturation occurs depends upon the 
virus and to some extent upon conditions 
such as the hydrogen-ion concentration 
and the kind of salts present 

In the heat and other types of denatu 
ration reactions that have just been de 
scribed, there is a more or less complete 
disintegration of the virus structure and 
tl 


have the properties which characterized 


e products which are formed do not 


the intact virus. They are of low molecu- 
lar weight, do not react serologically with 
antiserum to virus, and do not induee the 
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tion of an inactivated virus which will, 
upon injection, immunize against active 
virus is most important. It seems likely 
that many of the failures to achieve the 
latter result have been due to the use of 
methods of inactivation which cause too 
great a change in the structure of the 
virus. In our studies of the viruses 
which we have purified, we have found 
that the same procedure which will in- 
activate a given virus without causing 
widespread loss of structure and loss of 
characteristic antigenic properties will 
cause the complete disintegration and 
loss of characteristic antigenic properties 
of another virus. It is obvious, there- 
fore, that it is of extreme importance 
that viruses be obtained in purified form 
and studied so that for each virus a 
method may be evolved for inactivating 
the virus without destroying its immun- 
izing potency. The change in structure 
that results in inactivation need not 
necessarily be very great, and it may 
even be reversible. For example, we 
have found that the inactivation result- 
ing from the addition of formaldehyde to 
tobacco mosaic virus may be reversed 
and active virus once again prepared 
from the inactive material. The fact 
that this reaction may be reversed is 
some indication that a major change in 
structure is not involved. 

Closely related to the general problem 
of inactivating viruses with the least pos- 
sible change in structure are the studies 
on ways and means of producing the less 
virulent strains of a virus which are so 
important in connection with the second 
general method of immunization. So 
far, the production of less virulent 
strains which have proved of great prac- 
tical importance has been achieved by 
the simple expedient of passing the virus 
through another host. Thus, a strain of 
virus which will protect against smallpox 
may be obtained by infecting a calf with 
smallpox virus and reisolating the virus 


produced after several passages in calves. 


A useful strain of yellow fever vi: 
secured in a similar manner by T! 
by passage through mouse brains 
change in environment during th: 
duction of virus in the second hos 
parently results in the producti 
selection of a strain of virus wl 
much less virulent in the first 
Practically nothing is known as to y 
less virulent strain is prepared or « 
change in structure which must b 
volved. However, it does not aj 
unreasonable to expect that def 
chemical reactions which result 
change in the structure of a given 
without causing inactivation will acl 
the same result and yield strains o 
virus, some of which may cause 
virulent disease and be useful for 
munization against virulent str 
Leaves diseased with different strair 
tobacco mosaic virus are shown in 
ure 14. Some progress has been max 
studies on methods for changing 
chemical structure of tobacco mos 
virus without causing a loss of 
activity. Dr. Anson and I found tl 
the sulfhydryl groups of the virus 
be abolished by reaction with iodine 
the altered virus still retains its nor 
biological activity as shown by the n 


ber of lesions it causes on Nicotiana 


tinosa plants and by the characterist 


disease produced in Turkish toba 


plants. Sinee the virus isolated fron 
latter plants had the normal number 
sulfhydryl groups, the structural cha 
caused by iodine treatment was not 
petuated in subsequent generations 
the virus. Because of the possibility 
the iodine-altered virus might be redu 
to normal virus within the plant ec 
other reactions of a less readily reve! 
ble nature were sought. With Dr. M 
it was demonstrated that most of 
amino groups of tobacco mosaic \ 
may be acetylated by means of ket: 
without causing a measurable chang 
the specific virus activity or in the nat 




















CHEMICAL PROPERTIES OF 


FIG DISEASED TI 
ED WITH DIFFER s AINS OF 0 ( 
YELLOW AU‘ tA MOSAI VIRUS 
RAIN OF TOBACCO MOSAIC VIRUS HIS 
FROM A NO KISH TO 
the disease produced in Turkish to 
bacco plants. Since it seems unlikely 


that the acetyl groups are removed on 
noculation of the modified virus to 
plants, the fact that the virus produced 
n such plants contains the normal 
amount of amino nitrogen may be re 
garded as evidence that the modified 
virus actually brings about the produce 
tion of normal or unmodified virus 
Similar results have been obtained with 


by the introduction of 


virus modified 
about 3,000 phenyvlureido groups per 
molecule of virus by means of reaction 
with phenylisocvanate These results 
demonstrate that a large portion of the 
surface structure of the virus may be 
changed without interfering with the 
basic reaction of virus reproduction 
Other reactions are being studied in an 
effort to secure modifications that will be 
perpetuated in subsequent generations 
of the virus. The purposeful production 
of new and useful strains by chemical 
means is one of the major problems > 
the virus field and its solution will be of 
tremendous importance not only from a 
practical standpoint but also in connec 
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although slightly different. The amounts 
of the materials which may be obtained 
differ tremendously and appear to de- 
pend upon the host and the virus or virus 
strain The materials appear to be 
reasonably homogeneous when carefully 
prepared Many different tvpes of ex- 
periments have demonstrated a direct 
correlation between the integrity of 
structure of a given material and its 
virus activity. Because of this and be- 
cause it has not been found possible to 
separate virus activity from these mate- 
rials, there is reason to believe that they 
are the viruses. They appear to have the 
properties of molecules and in addition 
the property of virus activity, a kind of 
property usually assigned to organisms 
and one which has not heretofore been 
ascribed to molecules. Some may wish 
to consider that there is a sharp line of 
division between molecules and organ- 
isms and that viruses belong wholly in 
one or the other of these two groups 
Others may wish to retain the sharp line 
of division but place some viruses in one 
group and other viruses in the second 


group. However, to a chemist it a 
preferable to consider that virus a 
may be a property of molecules 
there may be no sharp line of divis 
tween molecules and organisms, ai 
the viruses may provide the tra 
between the two. One virus has 
inactivated and reactivated, and 
idea gained of the accompanying 

in strueture. Studies on the elem: 
composition, the amino acid distrib 
the amount and kind of nueleie a 
immunological reactions, the eff 
different enzymes, the pH and tl 
stability ranges, and the effect of 
different kinds of chemicals have 
completed on some of the viruses 
tensive studies of the physical prop 
have also been made and the existe) 
long range forces between molecules 
been demonstrated. There is 
reason to believe that the extensi 
these studies will eventually resu 
the solution of the more fundar 
problems related to the viruses, su 
the nature of their origin, reprod 
and mutation 


THE CONTRIBUTIONS OF TECHNOLOGY 


SCIENTISTS, engineers and inventors have ere 
ated the so-called technological age. We believe 
that our work and its results are predominantly 
beneficial to mankind. Some timid souls are 
frightened at the pace with which technological 
achievements have come; some see our creations 
being put to destructive use in warfare and feel 
that man should not be allowed to have such 
powerful tools; still others worry about the un 
employment that frequently results from intro 
duction of labor-saving machinery or from re¢ 
placement of one product by a superior one. 
We technologists, while admitting both acciden 
tal and premeditated harmful effects of science, 
nevertheless see the gains from technology as 
far outweighing the losses, and we have sure 
faith in the social value of our efforts. 

We see such advances as improved homes, 


better wages, shorter hours of work, far less dis 


ease and suffering, free time for education dur 
ing youth and for vacations during working 
years, and, finally, pensions in our old age. 
None of these happy situations ever existed in 
the history of the world for the masses of any 


people until science and its appli 
them possible. Just for one illustration 
this tremendous fact: It has been estin 
during the past three hundred years th 
tion of the earth has increased three t 
much as in all the preceding hundreds 
sands of years of man’s life on this 
Knowledge of medicine, disease and 
more fruitful methods of agriculture; 
of fast communication and transportatior 
combined with other technological f 
push back the starvation, epidemics, infant 
talitv, floods and other hazards wl 
continually limiting the earth’s poy 
Whether we like the fact or not, about | 
000 OOO people are alive to-day who 
dead or unborn except for modern techn 
progress. Since that figure includes two or 
out of every four persons among us, I in 
that if we were to vote on the subject, n 
us would be in favor of keeping and f 
exten ling the technological progress that 
made these things possible. Karl T. Cor 
Technoloagy Review, June, 











GEOLOGICAL ASPECTS OF OUR NATIONAL 
PARKS 


II. PARKS ALONG THE CONTINENTAL DIVIDE AND 
EASTWARD 


By Dr. RAYMOND E. JANSSEN 





NATIONAL PARKS OF THE ROCKIES it is seen to-day. except in so far as thes 

Tue great inland chain of the Rocky have been modified by subsequent 
Mountains, carrying the continental sion and denudation. Most of th 
divide along its crest, extends from the granitic and sedimentary rocks ) 
nterior of Canada to New Mexico buried beneath lava and volea ashes : 
Along its length have been established These lavas issued from several craters : 
several national parks, both in the United in the Absaroka and Gallatin Ranges 3 
States and in Canada. The present well as from Mount Washburn an " 
Rocky Mountains are the end products Mount Sheridan in the interior of the j 
of a series of mountain-making move park The later flows, most 0 I » 
ments which have affected the belt since lite, spread widely over the region : 
the Paleozoic Era The so-called ** An ing the park plateau. The rocks | 5 
cestral Roeckies’”’ were elevated during variet\ or textures, ranging Tro sé : 
the Paleozoic, and then brought low by friable material which easily grinds 
erosion. A reelevation of the chain oc powder to the glassy structure of Ob 
eurred during the late Mesozoic Era, and sidian Cliff. The very latest eruptions 
subsequent uplifts again took place dur- however, were of basalt. These wer 
ing the Tertiary Period. The building = small in extent as compared to the other ; 
of the Rockies was accompanied by great rocks, but quite important from a sce , 
voleanic activity, with extensive lava viewpoint 
flows and thick deposits of tuff and ashes Presumably, the park was almost 
being erupted in many places tirely covered by a vast ice sheet durin: 

Foremost among our national parks is the Ice Age, for evidence of its work ma 
Yellowstone, first and largest in our park — be seen throughout the region. The |} 


system. Established in 1872, Yellow granite boulder perched near the Car 


stone has since been increased in area of the Yellowstone must have bee 


from time to time until it now contains’ brought there by ice, since its counter 
3.471 square miles of territory. The cen- part is not known within twent miles 
tral portion of the park is a broad, vol By plowing out vallevs and lake basins 
eanic plateau about 8,000 feet above and rounding and smoothing elevations 
sea-level. Round about are mountain _ ice has surpassed any other agent 
ranges rising from 2.000 to 4.000 feet ing the park its present topography 
higher. The thermal activity in Yellowston 
The voleaniec outpourings which ac Park, for which it is most famous 
companied and followed the rise of the known, presumably dates from the last 
Rocky Mountains continued until com of the voleanic eruptions. It is known to 
paratively recent times. They gave the antedate the glacial epoch, sir Tor 
park its broad outlines of form in which drift occurs on the top of Terrace Mow 


21) 
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Photo by author 
HARD BASALTIC LAYER 
OVERLYING THE DECOMPOSED RHYOLITES OF THI 
YELLOWSTONE PLATEAU, AND STANDING OUT IN 


MANY PLACES AS A SHEER WALI 





Courtesy Chicago & North Western Railway 
CHANGES IN SUBSURFACE STRUCTURE 
IN YELLOWSTONE PARK ARE CONSTANTLY TAKING 
PLACE, WITH RESULTING CHANGES IN THERMAL 
ACTIVITY AT THE SURFACE. INCREASED ACTIVITY 
AT ROARING MOUNTAIN HAS RECENTLY DESTROYED 

PART OF THE FOREST. 


tain, which is a hot springs format 
The present hot springs and revsel 
represent only a very small part 
former wide-spread thermal activ 
perienced by the region. Decompos 
of voleanic rocks, caused by the 
of steam and hot water, may bi 
throughout the plateau. The bea 
coloring of Yellowstone Canyon is 
result of such decomposition (4 
areas of similar decomposition ar 
dent in recent road cuts 

The thermal springs, which cons 
both the eruptive gevsers and nor 
tive hot springs, number about 
Most of them are situated in th 
principal gevser basins lving in the 
and south central parts of the park 

Gevsers are defined as period 
eruptive hot springs. They can o 
only where high interior temperat 
approach closely to the earth’s surt 
They must also possess a tube or *‘ plu 
ing svstem’’ which is crooked or 
stricted in such a way as to prevent 
circulation of the water. The walls a 
cracks of this system must be mack 
silica or other rock which is. str 
enough to withstand the pressure 
explosive action of steam. In operat 
heat causes the water in the lower 
tion of the tube to expand to the ext: 
that the cooler water above can no lor 
hold it down. The water then begins 
bubble over, relieving the pressure ol 
superheated water below. The releas 
pressure immediately allows the super 
heated water to flash into steam, ther 
causing the eruption. After the t 
again fills with water, the process 
repeated. 

Since the subsurface system of ea 
revser differs somewhat, there is w 


} 


variation in their activity, depend 
largely upon the length of time requir 
for their respective tubes to refill a 
the water to become heated. In the eas 
of Old Faithful, the refilling is quite cor 
stant so that eruptions are repeated 

quite regular intervals. In other cas 
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ne may be much less constant be tion of the | ent ( \t 

se of factors involving rainfall and ent the waters of Y« WSto | 

eral subsurface seepage so that the flow northw: th h \ vst 
ptive periods mas he separated by (‘na ’ event enc} 

s, weeks, or months Manv of the sourl Rivet theast \l 

bbling hot springs which throw wate (rigina t! : . 3 st 
ew feet into the air everv few minutes Lake was 160 feet higher tl t pres 
really tiny geysers At that time its waters 
Changes in the subsurface structure Vestware to the Snake hh 

the thermal areas are alwavs taking rosses the s 

¢ Consequently some vevsers ana eventila reacl tT! ( " 
springs which have been in existence and the Pacit (cea! Phe 

a long time may suddenly cease To no Yellowst e rv | s. The 
netion. On the other hand, new ones ocation being ered b 

Vv appear just as suddenly. Mammotl extension of the then larger la .) 

Hiot Springs, one of the outstanding fea north of the 
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GEYSER BASINS OF YELLOWSTONE PARK SHOW EVIDEN‘® OF HOT ROCKS 
OSELY BENEATH THE SURFACI HESE 1) ATI ’ 
GEYSERS AND STEAM VENTS AI SI 4 » IN Os oO 
tures of the park since its disco. ory, has the continenta (le A sma streal 
been drying up during recent vears. At called Sulphur Creek, working head 
Roaring Mountain, however, thermal ac wardly toward the top of this divide ‘ 
Vit\ has been increasing to the extent eventually tapped the waters of the 

that wooded areas in the Viemnits have thereby establishing a Vy outiet re 
had the trees killed by the heat and over main channel of this stream then becar 
flowing water the lower Yellowstone River, and subs 


Although the thermal activity of Yel quent deepening by the river carved Y« 


owstone Park fires the imagination, and lowstone Canvor The Upper and Le 
spreads its fame around the world, muel Falls within the canvon are caused | 
of the geological romance of the park two hard ro dikes Wi ! it across the 
eally centers in Yellowstone Lake Al softer. decomposed rocks of the p 


though once flowing into the Pacific, the As a result of this diversion of the Ye 
ake waters now enter the Atlantic. lowstone Lake waters through the i! 


thereby having caused a shift ir the loca von, and the consequent lowern f the 
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Courtesu Great Norther 
GLACIER NATIONAL PARK 
CONTORTED THE ANCIENT STRATA. 
SEEN THE LOWER TERMINUS OF A GLA 
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level, the former southern outlet later periods These are topped = b 
sed to function, thereby causing the voung beds of lava which are cont ous 
tinental divide to shift to the opposite with those of eastern Idaho and the Y: 
le of the lake. lowstone Park plateau 
Just south of Yellowstone Park. ex The solated peaks the ky) 

nding alone the western border of ridges, the precipitous canvons 
Vvoming, rises the jagged Teton Range polished rock floors which characte 
(irand Teton National Park, established the range are lara the results of 
1929, contains an area of 150 square’ ciation of the Ice Age A ft f the 
iles. glaciers still re hear the s s 
The Grand Tetons, which are among but others have vanished The ha 
the most rugged mountains of America, left in their places beautiful cirques at 
are an impressive example of block-fault picturesque alpine lakes As the 
ing. The range has its origin in the’ glaciers reached the valley floor, thi 





the Interio 


Courtesy f N Departmen ) 
THE GRAND TETON RANGE PRESENTS A RUGGED FRONT TO THE EASTWARD 
IT IS CUT INTO MANY JAGGED SEGMENTS BY FORMER GLACIERS. NUMEROUS MORAINES |} 0 I 


CHAIN OF MANY LAKES WHICH LIE AT THE FOOT O} HE MO 


Rocky Mountain uplift which began at dropped their loads of rock material in 
the close of the Mesozoic Era and con morainic dams behind which were in 
tinued into the Tertiary Period. The pounded the waters of Jenny Lake, Tag 
eastern face of the range is an enormous vert Lake, Jackson Lake and others 
fault searp along which a great block, which line the valley along the Teton 
forty miles long, was uplifted and tilted front. The wide valley floor, known as 
westwardly. The total amount of uplift Jackson Hole, is an outwash plain 
along the eastern side of this block strewn with the gravels which were de 
approximated 10,000 feet, or more. posited there by the streams of melting 


Viewed from the east, one sees the pre- ice water 
cipitous side of this block, made up The effects of glaciation, as well as 
largely of very ancient, uplifted pre mountain faulting, are exemplified to 


Cambrian crystalline rocks. On the west much greater degrees in Glacier National! 
flank are overlying stratified rocks of Park Glacier Park, occupying 1,538 
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Courtesu Chicago & North 
FROZEN WATERFALL, A GLACIER POURS ITS ICE OVER 
REFORMING AS A ‘‘ RECONSTRUCTED GLACIER’’ BELOW. 


Weatern he 
\ CLIFF 

















OUR 





ire miles of our northern Rockies, 


resents the American section ol 
terton-Glacier International Peace 
irk, established by joint action of Con 
ess and the Canadian Parliament in 
132 
The Rocky Mountain Front in this 
eg1on, like that of the Tetons, consists 





an enormous fault extending for 
nany degrees of latitude across Montana 
und Alberta. The faulting here, how 
ver, not only elevated the rocks verti 
cally, but also thrust them eastward 
} horizontally so that they overlapped 
strata of much vounger age. This over 
thrust faulting was of such proportions 
that it carried deep seated rocks of Pro 
terozoic age up and over on top of Cre 
taceous rocks for a horizontal displace 
ment of at least fifteen miles, making 
this one of the greatest overthrusts 
known. This action oecurred during the 
Rocky Mountain uplift; hence it in 
volved not only the very ancient Pro 
terozoic rocks, but also all the overlying 
Paleozoic and Mesozoic strata of the 
region. Subsequent erosion has removed 
most of these overl ing strata along the 
eastern front, however, thereby exposing 
the Proterozoic rocks resting on top oi 
Cretaceous rocks which are some 500, 
000,000 vears vounger. Chief Moun 
tain, on the eastern border of Glacier 
Park, is a detached block of overthrust 
Proterozoic rock ly ing on top of the Cre 
taceous plain. Similar relationships of 
the rocks may be seen in Swiftcurrent, 
St. Mary and Cutbank valleys 

The massive continental glacier, mov 
ing down from the North, overrode the 
uplifted mountains of Glacier Park, 
carving them to an extent not paralleled 
in any of our other national parks. As 
a consequence, there now are precipitous 
cliffs four and five thousand feet high, 
enormous U-shaped valleys once the 
channels of elaciers. knife-like edges on 
high divides, hundreds of cirques and 
glacial lakes and thousands of tiny 
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streamiets trickling down Trom ti SIXT 


vlaciers which still remain as re 

of a once more extensive ice cover. [lt 
vidually, the glaciers of Mount Ran 
surpass those of Glacier Park, but 


phenomena of former glaciat 


multiplicity is best revealed in the inti 


cate sculpturing of the Rockies in Gla 


National Park 


Courtesy ¢ eat Norther j 
MELTED GLACIER 


GLACIER SIMILAR TO THAT ON OPPOS 


The Rock, Mountain Svsten 


comprises many ranges, reaches 


climax of altitude in Colorado The 


state contains 765 peaks which atta 
an altitude of more than 11,000 feet. ¢ 
these. 45 exceed 14.000 feet in heigl 
Mount Elbert, 14,420 feet in altitude 


exceeded in height within the United 


States only by Mount Whitney in Ca 
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MASSIVE SUMMITS OF COLORADO 
tK, EXTENDING ENDLESSLY ACROSS H 


THROUGH( r ROCKY MOUNTAIN NATIONAI PA 


NOTE THE BOWL-SHAPED CIRQ S AND U-SH 


fornia, which is merely 75 feet higher. 
About one seventh of Colorado exceeds 
10,000 feet in altitude. 

In such a setting as this has been estab- 
lished Rocky Mountain National Park, 
occupying a portion of the Front, or 
Snowy, Range of the southern Rockies 
Containing 405 square miles of area, the 
park itself represents only a small por 
tion of this extensive mountain system. 
Of the four national parks situated in 
the Rocky Mountain Chain, only this 
one exhibits in marked degree the true 
characteristics of the chain’s internal 
structure. The rocks here are prevail- 
ingly granite, upwelled during the 
Rocky Mountain revolution, subsequently 
uncovered by erosion in a fashion com- 
parable to the granitic scenery of the 
Pacific Chain. Dominated by Long’s 
Peak (14,255 feet high) the Front Range 
presents a long, majestic face to the east 
where it overlooks the broad expanse of 


IFIC MONTHLY 


Courtesy Chicaao, Burlinato & Ouine 
ROCKIES RISE IN CRAGGY RELIEF 


PED VALES WHICH INDI rE FORM t— GLA 


the Great Plains 
Peak and the adjacent peaks, wl 


Originally, Li 


nearly as high, were a single mo 
Erosion and glaciation have cut 
vallevs, baring the granite core ai 
ing the range into distinct sex 
The east side of Lone’s Peak is a s 
precipice of 1.200 feet. beneath wl 
glacial Chasm Lake, held in place 
morainie dam. Although the legil 
ord of lee Age glaciation here is 
distinct, it does not equal the vir 
ords SO profoundly displaved Wh Ay 
Park. For sheer mountain massi\ 
with its endless array of peaks in ri 
after range, Rocky Mountain Park, | 
ever, exhibits the finest example o! 
continental mountain structure i 
national park svstem 


MountTAIN P S OF THE East 
Far older in age than any of our ) 


ern mountains are those which lie 
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the Mississippi. Here several national 
Three ot 


se. Acadia, Shenandoah and Great 


ks have been established 


oky Mountains national parks, are 
rated in the Appalachian belt 
The Appalachian Mountains them 
ves were preceded in point of time by 
other series of ranges, called the 
\eadian Mountain System, which ex 
ended through the maritime provinces 
Canada, New England and along the 
oastal region as far south as Virginia 
The building of the Acadian Mountains 
occurred at the close of the Devonian 
Period, following which they were worn 
ow by erosion. At a much later time, 
recurring earth movements along this 
belt at the close of the Paleozoic Era gave 
birth to the Appalachians. Extending 
from Newfoundland to Alabama, the Ap 
palachian Mountains were then compar 
- able in height and grandeur to the 
present ones of the West They were 
worn low during the succeeding Mesozoic 
Era to a more or less level peneplain in 
which the hard and soft rocks of the 
folded mountains were beveled off alike 
\t the close of the Mesozoic. this low 
peneplain was reelevated to new heights 
Ever since that time, erosion has con 
tinued to dissect this uplifted belt, cul 
minating in the present configuration of 
Where less re 


sistant rocks were at the surface, vallevs 


the ancient structures 


came into prominence; where harder 
rocks formed the surface, the old pene 
plain level is. still preserved As re 
stands upon the crest of these eroded 
mountains and looks out across the 
panorama of hills and vales, he can not 
fail to be impressed with the common 
level of all the higher elevations. The 
old peneplain is there, etched against 
the horizon and dissected only by the 
valleys which have been worn in the 
ancient rocks. 

It is for these far-reaching views across 
the old peneplain that Shenandoah and 
Great Smoky Mountains parks are noted 
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Photo? 
THE NEARLY LEVEL SUMMITS OF THE APPALACHIAN MOUNTAINS 
THESE LEVEL SUMMITS MARK THE S ACE OF AN ANCIENT PLAIN WHICH HAS BEE) | 
SINCE DISS »>BY S M ROSION 
is comparable in origin to those along ing only slightly above the waters 


the coast of Norway. 

Except for thé effects of glaciation and 
the subsidence of the region, the geologi 
cal history of Acadia National Park is 
associated with the Acadian and Appa 
lachian uplifts. Here the mountains are 
believed to have once reached elevations 


of at least 15,000 feet: but if so, they 
have since been worn so low that only 
the ancient granitic core now remains 
Along this rock-bound coast of Maine, 


we may view a geologic epic wherein the 
sea emerges triumphant in its age-long 
conflict against the land. 

with 


Having no connection whatever 


the Appalachian Mountain System is 
Isle Royale National Park in Lake Su- 
perior, established in 1940. Although 


quite voung as a national park, it is most 
ancient With a land area of 
more than 200 square miles, Isle Royale 


in origin. 


Park consists of one large island and an 


Ris- 


archipelago of many smaller islets. 


Lake Superior, the land surface otf 
he 


mountainous. although it micht we 


> . 
Rovale can not now eonsidere 


been so in the past 


rié 
a 


The rocks forming Isle Roy 


Proterozoic age, and hence are co! 
able in time of origin with the lower 


strata which rest on the ancient era 


Is 


at the bottom of the Grand Can) 
That volcanic activity was most 

nounced at this time in the Lake S 
rior revion is evidenced by the m: 
lava flows which have here been p 
successively upon each other W! 
happened to these lava rocks of 


Royale during the half billion vears 
more of elapsed time since their for 
tion until the coming of the ice sheets 
largely a lost chapter in their geolo 
All 
when the ice completely 
The topography 


history evidence was swept av 


OV errode 


Great Lakes region. 


IS @SSt 


Isle Royale, as we see it to-day, 
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» the same as it was left after the 


ssion of the last ice sheet 


THE SUBTERRANEAN PARKS 
The profound effects of running water 
\ not only be appreciated in the 
ehtvy canyons which cut the surface of 
r lands, but also in the extensive sub- 
rranean caverns which have been hol 
wed out within the rock formations 
below the surface. Simply stated, cay 


drainage of the region either by flowing 
out of the caverns or by underground 
passages. Many large springs are not! 
ing more than underground = streams 


which have passed through caverns and 
emerged upon the surface 


The material dissolved by the under 


eround waters Is eventually carried to 


the surface rivers and thence out to sea 
or else deposited avain en route Whe 


this evround water becomes saturate 





THE ROCKBOUND COAST OF 
FORMED BY THE SUBSIDENCE OF AN OLD ERODED LAND SURFACE WHICH RNED M 
STREAM COURSES INTO BAYS, ESTUARI 


erns are joints or cracks which have been 
greatly enlarged by the solution action 
of the ground water passing through 
them. Large caverns are developed only 
in soluble rocks, principally in lime- 
stones, dolomites and gypsum, and some- 
times in salt. Water moving through 
such strata makes its way along the 
joints, gradually enlarging them by solu 
tion and usually collecting in’ under- 
ground streams. These streams, some of 


which are quite large, join the surface 


Courtesy U.S. Department of the Int 


ACADIA NATIONAL PARK 


oO : ( 


ES AND SMAI ARMS OF THE SEA 


with mineral matter, slight changes may 
cause deposition of some of the material 
One of the most common causes is the 
loss of carbon dioxide from the wate) 
When highly charged water slowly drips 
from the roof of a cavern, loss of carbon 
dioxide occurs, and some of the dissolved 


mineral matter may then be precipitated 


This gives rise to beautiful cave forma 
tions such as stalactites, stalagmites, p 
lars and onyx draperies Thus tl 
process of dissolution m iv give Wa to 
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of deposition in the previously hol 
| caverns 
‘hree large underground caverns 
d Cave in the Black Hills region ot 
‘ th Dakota. Mammoth Cave in Ken 
-y and Carlsbad Caverns in New 
<ico—have been incorporated into our 
tional park system. Wind Cave re 
ed its name by virtue of its discovery 
rough a strange whistling sound 
sed by air escaping from a small hole 
the ground This current of air, 
ch alternately moves in and out of 
- the cavern, IS apparently caused by d 
‘rences In atmospheric pressure outside 
When the barometer is falline, the cur 
mnt moves outward ° when the barometer 
ses. the current blows inward This 
= hole. only ten inches in diameter, is the 
only known natural surface opening to 


the cavern 


. The interior of the cavern, reached by 
- specially constructed entrance and 
> elevator, is noted for its crvstal forma 
. tions known as frostwork and boxwork 
: The frostwork consists of tiny white 
‘ erystals on a tan or pink background and 
- hang like frost upon the ceilings and 
- edges. The boxwork consists of fin-like 
: projections of calcite which hang from 
Boe the ceiling in a sort of honeycomb pat 


, tern This boxwork 1s a depositional! 
feature peculiar to Wind Cave 

The famous Mammoth Cave of Ken 
tucky has been set aside for protection 
by the National Park Service, but will 
not obtain full park status until some 
15,000 acres have been deeded to the 
vovernment At present, nearly 43,000 
Mammot!l 


Cave has become so well known sinee its 


acres have been acquired 


liscovery in 1799 that it requires littl 
description Its many ramifications, of 
which nearly 200 miles of avenues have 
been explored, are only part of an ex 
tensive network of subterranean passages 
which have been formed in the Lower 
Carboniferous limestones of the Missis 


sippl Valley 








NATIONAL 





These 
bottom 


Vast pat 


*f 


nent. extena 


Mexico 


Grul ol 


Was eley ated 





ey a -. af 4 
ka CO Ta 


PARKS 


pper 


ho 


ENTRANCE TO CARLSBAD CAVERNS 


H 5 


adequate 
waters 1 
erns € 


vears WI! 


a ¢ 


rine 


| 


Of unusua 


are the 


llwiery 


ing Carlsbad 


( 


the foothills ol 
Mexico 


of New 


tains are outliers 


The 


north 


| 


] 


peres i 1} r¢ ! 
it the 1 SSIVE 
e that At) oO) OO 
e ¢ LTsN¢ 

nl T 
passaves ~ 1 


‘ 


dalupe M 

> 

Rockies 

yl hy t} " 


a ee 


Th” 2a 





phainemaell & s0t a 





224 THE SCIENTIFIC MONTHLY 


erns have been formed is slightly vounger 
in age than that of Mammoth Cave, hav- 
ing been laid down during the Permian 
Period, immediately following the Car- 
boniferous. The earth movements which 
raised the Rocky Mountains also raised 
the Carlsbad area—some_— 60,000,000 
vears ago. Since then, underground 
waters have hollowed out the enormous 
caverns and refilled them partially with 
the beautiful formations which are 
unique to underground passages. 

Although recognized as the greatest 
underground labyrinth vet discovered, 
the extent to which the caverns may 
penetrate beneath the Guadalupe Moun- 
tains is not vet known. Since the discov 
ery of the caverns in 1901, three general 
levels of passageways have been located. 
The first of these is 750 feet below the 
surface, and is the level to which visitors 
are conducted by elevator. Below this 
is another vast level at 900 feet, and a 
third at 1,320 feet. None of these has 
been completely explored, and additional 
levels may also exist. 

About seven miles of passageways 
have been developed and opened to visi 
tors. The largest of the passageways, 
called the Big Room, is-about 4,000 feet 
long, 625 feet wide, and at the highest 
point the ceiling arches 350 feet above 
the floor. Such an excavation indicates 
an enormous power of dissolution and re- 
moval by underground waters. Within 
this room, the formations which were 
later deposited are massive as well as 
magnificent. In size, the stalactites, 
stalagmites and fluted columns vary 
from pencil-like structures to those ap- 
proximating the dimensions of giant 
trees. Here human comprehension seems 
to become lost in a maze of fantasy, for 
one finds it diffieult to believe that so vast 
and magnificent a spectacle could have 
been formed merely through the agency 
of little trickles of water. Carlsbad is to 
the subterranean world what the Grand 


Canyon is to the surface. 


THe MINERAL SPRINGS ParKs 


Two minor national parks d 
consideration because they conta 
eral springs of therapeutic value 
are Hot Springs National Park, 
southern Ozark Mountains of Ark; 
and Platt National Park, in th 
buckle Mountain region of so 
Oklahoma. 

Hot Springs became a nationa 
in 1921, but it had been set aside 
vovernment reservation as early as ] 
In a sense, this 1} mile area mig! 
considered as our first national 
although Yellowstone was _ really 
established and administered as 
The springs themselves, of whicl 
are 47, were famous for their tft] 
peutic value before the white m: 
covered them There is some ind 
that they gave rise to the rumor 
brought Ponce de Leon from Spa 
search of the Fountain of Yout! 
dian tradition maintains that the sp: 
were always considered as neutral 
tory by the warring tribes. The y 
of the several thermal springs, whic! 


n chemical 


practically identical 
sition, are now impounded in reset 

and all bath-houses receive the s 
water. Temperature of the wat 
always over 140° F. 

Platt National Park, with an ar 
only 14 square miles, and establishe: 
1906, contains 32 springs of major 
portance. Of these, 18 are classifie 
sulfur, 6 as fresh water, 4 as iron a) 
as bromide. The latter are the 
known natural bromide springs. 

The rocks exposed in both parks 
composed of sediments laid down 
neath a former sea during early 
middle Paleozoic times. Later, dur 
the Great Coal Age, this region 
folded and buckled into mountain ri: 
with numerous faults, or breaks, 
mitting slippage along the lines of 21 
est strain. The mountains thus fon 
were later nearly leveled by erosion, 











OUR NATIONAL PARKS sou 


es ¢e 64 oe ee 


+o 





sive ee 


FROSTWORK FORMATIONS OF PURE WHITE CALCITI 


ADORN HE CEII GS AND EDGES O} 


subsequent uplifts during the Appa reactions or radioactivit n the rocks 

achian and Rocky Mountain revolutions causes the heat which warms tli iters 
also elevated this region to new heights Regardless of the source of the heat a 
Subsequent erosion has finally produced the water, the flow at Hot Springs N “ 
the present topography. The springs — tional Park remains almost constant t } 
ssue from fractures in the rocks, pri 1,000,000 gallons da ' 
marily along the old fault lines 

Several theories have been advanced Our NaTIonaL Pa ~ 
is to the mechanism of the thermal The original motive in establis 


springs. Most generally accepted is the national parks was that of cons 


meteoric theory which suggests that The reservation of Hot Springs 1832 
rain-water seeps downward along the and of Yellowstone in 1872 
slope of the formations and becomes prime purpose of protecting these 
‘onfined between impervious — lavers from exploitation That purpose st 
Eventually it finds outlet along the frac remains, but with the pass tl 
tures or faults in the strata. Somewhere  vears, perspectives have broadene l} 
along its underground path it becomes park system now also aims to port 
heated by passing near a mass of un striking examples the great 
" cooled rock. Another theory suggests natural science a he p 

that the water from the hot springs does — ization upon tl t 
not originate from rain seepage, but The National Park Ser 
comes solely from the earth’s interior ated in 1916, when it assumed 
Such water, called juvenile water, vision of the 16 national parks 21 

| escapes from molten rock as it cools, and national monuments then unde 

thence finds its way to the surface trol of the Department of the tel 

: Other theories presume that chemical! Our national park svstem rea ha ts 














A PECULIAR BOXWORK 


FOUND ONLY IN WIND CAVE, WHICH 


birth around a site of 
which is still preserved in Yellowstone. 
The Washburn-Langford-Doane 
dition in 1869, the first scientific expedi- 
Yellowstone 
which led to 


first 


campfire, the 
Expe- 


investigate the 
region, advanced the idea 
the establishment of the 
park. 


tion to 
national 


To-day our national parks are scat- 


tered through nineteen states and two 


They extend from Maine to 
Hawaii, and Alaska to 
These parks occupy more than 10,320,000 


territories. 
from Mexico. 
acres of land. If the area of the national 
monuments and historical parks is 
added, the total more than 
doubled. More than 16,740,000 persons 
visited parks and 
ments in 1940, the 26 national parks here 
half of 


national 


acreage 1S 


our national monu- 


considered attracting nearly 
That interest in 
reservations is increasing steadily is indi- 
eated by the fact that the total atten- 
dance for all units during 1933 was less 
than 3,500,000 persons. 


these. our 


The most popu- 
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Courtesy Chicago, Burlinaton 4 
FORMATION OF CALCITE 


ASSUMES A HONEYCOMB ASPECT UPON THE CEILID 


Quincy Ra 


lar national park is Shenandoah 
registered nearly a million visitors 
vear. 

Although our national parks in 
regions of the most diversified sc 
grandeur of the world, they also cont 
many of the most complete recor 
the earth’s 
Krom the ancient granites at the bott 


long and eventful hist 
of the Grand Canyon to the gliste 
glaciers on the peak of Mount Mcekin 


is recorded in startling clarity the 


long story of an ever-changing wi 
Here, too, we may see in action 
mighty geologic processes which | 


fashioned our lands 
Our 


in any sense, completed 


great natural wonders are 
They are 
and evolut 


Yellowst: 


in process of formation 


Some day the last of 


ceysers will cease to erupt, and the 


lofty glacier may melt away; but 


person now living will witness f 


events. And again, new landscapes 


new wonders will come into being 
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RELATIVES AND HUMAN GENETIC ANALYSIS 


COTTERMAN 


By Dr. C. W. 


In laboratories and clinics where re 


S reh work 1s being conducted in human 
ev and medicine an increased inter 
st is being shown in the study of rela 


eS As 
? 


search Can, OF COUrse, he deseribed “us 


soon as this happens. th 


Now close relatives can often 
little 


venetical 


be secured with extra effort, 


vhereas the compilation of extensive 


family histories—the traditional ap 


proach—may be quite bevond the facili 
ties of the research. This suggests that 
in even greater interest In human hered 
ty might be manifested were the follow 
ng facts more widely known 

Genetics could be defined as the study 

the consequences of biological rela 
tionship, and we might therefore expect 
that any kind of relationship would pro 
ide some information about inheritance 
should expect that the 


‘losest relatives would be by far the most 


Equally, we 
iseful to the geneticist. Logical though 
these statements might appear, their full 
significance may not always be appre 
lated. 
the view expressed that in order to offset 


For it is not uncommon to hear 


the lack of experimental opportunities it 
s necessary in the study of human genet 
es to obtain very long and extensive 
pedigrees. Such pedigrees are indeed 
often very instructive, but for most 
genetical purposes they are certainly not 
essential and, in fact, may be consider 
ably less useful than smaller units. In 
inv event, the clinical investigator need 
not be daunted should he find it incon 
venient or impossible to examine distant 
relatives. 

The human geneticist is now provided 
with a variety of statistical procedures 
which have been specially devised for the 

* Investigations in human heredity at the Uni 
versity of Michigan are supported by The Hor 
ce H. Rackham School of Graduate Studies. 
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The mere rea Tiol these 
tunities, however, is not quite s 
for unless certain precaut nS al 
in recording tl formation 
will frequent be verv mislea 
therefore worse than useless r 
suggestions for the clinical wo 
wishes to safeguard his bs 
from this fate have been mad 
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and others No Spe i effort 
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RELATIVES—KIND AND DEGREI 


(Grenetically considered, there are only 


two kinds of relatives, provided we 


iwnore the possibilities of inbreeding 
These two kinds of relationship, which 
we shall term wnilineal A and bilineal 
B), are illustrated in Fig. 1, which 
makes use of the customary arrow dia 
erams. In each diagram the relatives in 
question are the two indicated by black 
ened circles Each individual is con 


nected to his parents bv the two lines 
© oO 
\/ 
€ Oo ° oO oO Oo Oo 
\/ \/ \/\/ 
. 7 7 & 


r=1/2 r=- 1/4 r=1/4 


Xl, 2 IX, 
VP FV 

oe RI DX 
4 Lx] ae 


r=1 r=1/2 r = 1/4 


Fig. 1. 


o—o 


which lead upwards. It is then easy to 
see that the examples of A-relatives de 
picted are, in order, parent-child, grand 
parent-child, half sibs,“ uncle-nephew 
and single first cousins. The B-relatives 
represent one-egg or ‘‘identical’’ twins, 
full sibs and double first cousins. 

In each example the symbol r denotes 
the degree, or coefticient, of relationship, 
as devised by Professor Wright. Nu- 
merically, it can always be found by tak- 
ing (3) to the power of the number of 
links in a path of descent connecting the 

2aqIn geneties ‘‘sibs’’ are children (male or 
female), of the same parents; ‘‘half sibs’’ are 


children having only one parent in common, 


Sewall Wright, Amer. Naturalist, 56: 330, 


1922. 
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two relatives and summing suel 


for all possible paths Genetica 
the probability that, for any (aut 
vene specified in the one indi 
relative will possess the same g 
in the sense of common origi 
also be interpreted as the most 
fraction of all genes to be shares 
two relatives 

The two kinds of relatives, A 
are differentiated by the fact that 
the case of B-relatives are the 
paths of which all links are separ 
independent This means that 
possible for A relatives TO sha 
genes of a pair; but not so for B 
tives More exactly, if we de! 
As, Ai, As, A 


neither, the one, the other, or bot! 


the probabilit 


of a pair will be shared by A-re 
and similarly for B, we find, 
degree of relationship, r, the fol 


conditions : 


! l B 
1 B ] 
A B l 
1 0) B 
Thus, for half sibs, A | A | 


A,.=0; for double first cousins, B 

B, = B.=3/16, B 1/16; and so 
will be noted that, in accordance w 
definition of r, we always have A, +A 
and B, + B, ? 

We may now discuss some of thi 
vantages of bilineal relatives. What 
these advantages might be, we sl 
expect them to arise from the fact 
B,., unlike A, 


The formation of one-ege twins is 


is not zero 


course, an asexual process, but ge 

cally such twins can be regarde 
b-relatives of degree } l, for we 

have the familiar fact that their 

pairs must be identical throug! 
B,.=r?=1. The advantages afforde 
this unique relationship need hard! 
dwelt upon here. By possessing pall 
genetically uniform subjects we of co 
greatly simplify the problem of assess 


¢ 


the relative influence of heredity 
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environment. It is interesting to note, 
however, that having r= 1 is, in a sense, 
carrying a good thing too far. For, since 
there can be no genetic variation at all, 
‘‘identical’’ twins can not in themselves 
afford any information as to the mode of 
inheritance; their value lies rather in 
demonstrating the fact of inheritance. 
But certainly, whatever the nature of the 
genetic study, the investigator should 
make full use of multiple births and 
might well undertake a special search for 
them. In interpreting the data he must 
of course first decide which of his pairs 
are of one-egg and which of two-egg 
origin. This diagnosis, as well as meth- 
ods of nature-nurture analysis, is dis- 
cussed by Dr. Newman‘ in a recent book 
in the American Association for the Ad- 
vancement of Science Series of non-tech- 
nical books. 

Full brothers and sisters are B-rela- 
tives of degree r=4, and we therefore 
have B,=B,=B,.=By.=}. This ex- 
plains the facts observed in human pedi- 
grees which involve recessive abnormali- 
ties. By definition, a recessive gene is 
one which is required to be present in 
double dose in order to produce a detect- 
able change. Let us now consider any 
defective individual who possesses two 
such genes. If the gene is quite rare in 
the population, then we may assume that 
if any of his relatives are affected at all 
they will be so by virtue of sharing the 
same two defective genes. Now A,,.=0, 
but B,.=r*. Hence we do not expect the 
parents, or children, or in fact any of the 
A-relatives to be affected, but we always 
expect one fourth of the brothers and 
sisters to be affected. Hereditary abnor- 
malities of this sort are therefore some- 
times called familial diseases; they are 
likely to occur in the sibship, especially 
if it is a large sibship, but will usually 
be absent in the patient’s near ancestors 
or descendants. In studying traits sus- 
pected of Me | recessive in inheritance 


*H. H. Newmaa, ‘‘ Multiple Human Births,’’ 
New York: Doubleday-Doran. 1940. 


the clinician will, of course, do well to 
specialize on the sibs of his patients 
Another kind of genetic study which 
depends largely on the comparison of 
sibs is the investigation of genetic link- 
age, the location of two or more gene-sets 
in the same chromosome. The main sta 
tistical effect of this phenomenon is the 
production of a two-way intrafamilial 
correlation. That is to say, in some 
families there is a positive, in others a 
zero, in still others a negative correlation 
between the grades of the two characters. 
The over-all correlation is therefore 
likely to be zero. These generalizations 
were first clearly brought to light in the 
studies of Dr. Penrose,® who developed 
special statistical tests for the detection 
of linkage in data consisting of sibships 
of unspecified parentage. In this connec- 
tion Professor Fisher* has shown that 
lack of information about the parents 
need only entail a loss of 13 per cent. of 
the precision secured by the examination 
of children and parents combined. This 
surprising result furnishes a good illus- 
tration of the fact that the study of 
heredity need not concern itself with the 
comparison of ancestor and descendent. 
Sibs also present certain practical ad- 
vantages which must not be overlooked. 
Compared with other sets of relatives 
they will usually be less variable in age 
and will probably have been exposed 
to more nearly similar environments. 
Moreover, up to a certain age the entire 
sibship will usually be available as a unit 
for examination. In certain kinds of 
studies it may be possible to exercise 
some selection of cases, and it is then 
useful to know that the precision or 
amount of information provided by a sib- 
ship is usually an accelerating function 
of its size. In several kinds of analysis 
it is found that the amount of informa- 
tion furnished by a sibship of s members 
is proportional to 4s(s—1), this being 
5L. 8S. Penrose, Ann. Eugen., 6: 133, 1935; 
ibid., 8: 233, 1938. 
6R. A. Fisher, ibid., 6: 339. 1935. 
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the number of sib-pair comparisons 
which can be made. Thus, in such 
studies, single-child families are worth- 
less, a fraternity of 5 gives 10 times the 
information of a fraternity of 2, and a 
fraternity of 8 is worth 28 times as much. 

As we have just seen, some very valu- 
able information can be obtained from 
data of even a single generation. Actu- 
ally, certain genetic phenomena can be 
investigated without studying any rela- 
tives whatsoever. This is well known to 
the physician who inquires from the 
patient concerning the possibility of con- 
sanguinity in the parents. Fig. 2 shows 
the offspring of three different consan- 
guineous matings: parent-child, brother- 
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Fig. 2. 
sister and single first cousins. In each 


case « represents the coefficient of in- 
breeding’ of the resulting child. This is 
simply half the coefficient of relationship, 
r, of the parents, and gives, for any par- 
ticular gene-pair, the probability that 
both genes were derived from a single 
gene present in one of the ancestors com- 
mon to both parents. Inbreeding is 
therefore of significance in connection 
with recessive inheritance. If the inci- 
dence of some rare recessive disease is q?, 
then the probability that an inbred indi- 
vidual of degree i will receive two such 
genes and therefore show the defect is 
iq+(1-—1)q*. Thus, for a recessive de- 
fect appearing in 1 per 10,000 of unre- 
lated persons the expectation is increased 
7-fold for offspring of single first cousins 
and 26-fold for offspring of parent-child 
incest. 

Since this effect will be observed by 
the clinician the other way round, by 
7 Sewall Wright, op. cit. 
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merely inquiring about consanguinity jn 
the parents of single patients he may 
acquire some valuable information oy 


the mode of inheritance. If the diseas, 
is caused by recessive factors, the pro- 
portion of cases in which subjects report 
consanguinity will be considerably larger 
than the proportion of such matings jy 
the general population. Rare dominants 
on the other hand, will not be caused 
appear in greater frequency through in. 
breeding. 

Penrose® has recently suggested that 
might be equally advisable for the medi- 
eal worker to inquire about consanguin: 
ous marriage in the grandparents. Cer 
tain anomalies of development suggest 
that they may be conditioned by th 
genotype of the mother rather than that 
of the child. Hence, if the genetic fa 
tor were a recessive, the defect would be 
associated with excess consanguinity 
the maternal grandparents. Abnormal- 
ities due to certain kinds of chromosom 
derangement might also be expected t 
show this effect. 

Most of the known pathological ge: 
of man are of the sorts known as do. 
nants, ‘‘ provisional’’ dominants and “‘i 
regular’’ dominants. Only a single ger 
is necessary to produce the defect 
some, if not all, individuals. Whet! 
the gene is incompletely dominant, t! 
is, whether it would produce a mor 
severe defect in double dose, is usua 
unknown since, being rare, the gene is 
never given the opportunity of occurring 
in that state. Now since only a sing 
gene is required, we see that the proba 
bility of any relative being affected 
simply equal to the coefficient of rela 
tionship, for A,+A.=B,+By=r. 5 
if we examine the relatives we expect t 
find the defect appearing in one half 
the parents, children and sibs; in on 
fourth of the grandparents, grandchil- 
dren, aunts, nephews, etc. ; in one eight! 
of the first cousins; and so on. 


8 L. 8. Penrose, Trans. Roy. Soc. Canada, § 
V, p. 93. 1940. 
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This is only true, however, if the gene 
is rather rare, if segregation is normal 
and if the gene always expresses itself 
when present. The last of these condi- 
tions is frequently contradicted in 
human inheritance; the gene is then 
irregular in its expression, producing the 
abnormality in only a certain fraction of 
the individuals in which it occurs. The 
study of the causes of this variation in 
expression is clearly one of considerable 
practical importance in medicine. In 
any case, we see that unilineal and bi- 
lineal relatives of the same degree are of 
equal value in the study of dominant 
genes. 

When an instance of probable domi- 
nant inheritance is found, it is naturally 
advisable to attempt to trace the trans- 
mission of the gene through as many 
groups of relatives as possible. The dis- 
tant relatives here become of interest not 
because they contribute additional infor- 
mation about the genetic constitution of 
the original patient but merely because 
they will very probably provide some 
additional affected individuals for study. 
The elaboration of extensive family his- 
tories is therefore not essential to de- 
tailed genetic study, but it provides an 
economical procedure for securing large 
quantities of material in the case of rare 
dominant conditions. 

In seeking an answer to the question, 
Is such-and-such a condition hereditary ?, 
it would perhaps seem most pertinent to 
ask: Was the condition inherited in the 
ease of the patient? Attention is there- 
fore immediately directed to the parents. 
Now of course an affirmative answer need 
not require that one or the other parent 
be affected. A ‘‘negative family his- 
tory,’’ at least with respect to the par- 
ents, is almost always expected in the 
ease of recessive inheritance. It will also 
frequently be found in the case of irregu- 
lar dominants. But even for regularly 
expressed dominant genes there is an 
additional reason for occasional or even 
frequent absence of an affected parent. 


Every abnormal gene must have some 
starting point and such spontaneous 
changes from the normal gene are termed 
mutations. Tracing back any dominant 
gene through successive ancestral gen- 
erations, we are frequently able to dis- 
cover such starting points and, indeed, 
would always expect to find them if the 
pedigree could be extended indefinitely. 
On statistical grounds which need not be 
presented here, it can further be stated 
that the rarer the abnormality the more 
commonly will such ‘‘sporadic’’ cases 
appear, and especially so if the defect is 
associated with a lowered fertility. For 
example, Haldane’ estimates that about 
one in every three hemophiliacs has not 
inherited in the ordinary sense but rep- 
resents an original mutation. 

The realization of this fact is of prac- 
tical importance for two reasons. First, 
a failure on the part of the clinician to 
report such cases will rob the geneticist 
of the opportunity of measuring one of 
the most fundamental of all genetic phe- 
nomena, viz., mutation. Secondly, in so 
far as mutation is actually responsible 
for the exceptional cases, the defective 
patients must be regarded as the poten- 
tial starting members of new family lines 
carrying the abnormal gene. Owing to 
mutation, then, it appears that the ques- 
tion, Will the condition be inherited ?, is 
somewhat more significant than the ques- 
tion: Was it inherited? 

So far we have somewhat slighted the 
importance of parents. Returning to 
our general formulae of genetic resem- 
blance, we note that with r=4 we have 
the unique condition, A, = 0, and for this 
reason we may regard parent-offspring 
relationship as a special subclass of A- 
relationship. Parent and offspring must 
share one or the other of their genes: 
A,=A,=%34. This commonplace is re- 
sponsible for several genetical advan- 
tages in the comparison of parent and 
child. In the study of relatively common 
hereditary variations, pairs of parent 

® J. B.S. Haldane, Jour. Genet., 31: 317, 1935. 
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and child will be generally somewhat 
more useful than pairs of brother and 
sister, and when both parents are in- 
cluded the information is usually in- 
creased very greatly. Also, the measure- 
ment of dominance or non-additive gene 
effects in the case of quantitative inheri- 
tance depends largely upon the compari- 
son of parent and child. 

Obviously the consideration of indi- 
viduals as parents is essential to the 
investigation of the evolutionary factors 
of mutation, selection and population 
mating systems. In this last respect, 
man, because of the institution of mar- 
riage, possibly enjoys a distinct advan- 
tage over other species as an object for 
genetic study. 


UNSELECTED DaTa 


There are two somewhat different 
methods for securing human genetical 
data. In the one procedure the investi- 
gator obtains an unselected sample of 
families or other groups of kin—unse- 
lected at least with respect to the charac- 
ters in which he is interested. Obviously 
such a method will be found suited to the 
investigation of only such traits as are 
not too unequally distributed in the 
population or are of such a nature that 
selective sampling can not be conve- 
niently employed. The ABO and MN 
blood groups, as well as taste reaction to 
phenyl-thiourea, are examples of traits 
which possess both of these features. 
For example, ‘‘tasters’’ and ‘‘non- 
tasters’’ occur in our population in 
about the ratio 7:3. This means that 
from one third to one half of all families 
taken at random (depending on their 
size) will show variation amongst the 
children and will therefore be of use in 
testing genetic ratios. However, even 
were such circumstances far less favor- 
able, a random collection of data would 
still be in order by virtue of the fact that 
taste ability is a characteristic which 
does not make itself known to the subject 
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or the investigator until a special test js 
performed. 

Inherited characters suitable to ra; 
dom investigation are therefore like}, 
be of the sort described as ‘‘nor 
traits. Table I, which is reprodu 
from Wiener,’® summarizes a ty] 
body of such data. One hundred 
lies tested for the ability to secrete A 
B or O agglutinogens in the saliva 
classified here according to the three | 
sible parent combinations. § denotes 
secretor, and s a non-secretor. 


TABLE I 


HEREDITY OF THE “SEcRETOR” Factor 
r . Children 
Parents Numbe r of 
families © 
SxS 51 134 21 
Sxs 38 64 $4 
sxs 11 0 28 
Totals 100 198 3 


The fact that non-secretor ‘‘ breed 
true’’ suggests the hypothesis of simp) 
recessive inheritance of this property) 
To test the hypothesis we must th: 
examine the ratios of S and s childr 
in the two other matings, S x S and S xs 
This might be done by first selecting 
from these matings all families with so: 
s children. The analysis would then 
similar to that described in the following 
section. If, however, it is desired t 
apply a test to the whole of the data, w: 
must employ an analysis based on the 
computation of gene frequencies. It w 
be observed that the numbers of S and s 
children in the first two matings do not 
suggest any simple Mendelian ratios 
such as 3:lor1:1. These, in fact, are 
not to be expected, for, on the hypothesis 
adopted, these matings must contain 
mixtures of different genotypes. This is 
an invariable feature of such data and 
it requires that we estimate the composi- 
tion of such mixtures in terms of the 
gene frequencies. A wide variety of such 


s 


10 A. 8. Wiener, ‘‘Blood Groups and B! 
Transfusion,’’ 2nd Edition. Springfield, I! 
Chas. C Thomas, 1939, p. 191. 
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test is gene-frequency methods is now available SELECTED Data 
for many kinds of inheritance and many In the study of rare conditions the 
) ra | kinds of data. The more important of candard procedure is to examine only 
ely | these have been summarized by Professor hoe relatives of affected persons who are 
= Snyder.™ encountered in a clinic, hospital, school 
duced In addition to their use in genetic > similar institution. After amassing 
ypu analysis, gene frequencies are of consid- gata of this sort. the geneticist will then 
fami- erable interest in themselves, as Dr. oxamine the frequencies of affected indi- 
tte A Strandskov has shown in a previous yjqgyals amonest the various classes of 
‘a al article in this series. It is therefore one  ejatives. Such a method of gathering 
heey of the advantages of randomly collected gata is obviously selective and might be 
on data that it facilitates the estimation of expected to introduce some troublesome 
such gene frequencies. Fisher, however, problems in connection with the statisti- 
has recently called attention toacompli- a] treatment. This is true. but it is 
2 cation in the determination of gene ratios interesting to note that the chief diffi- 
which has not been considered by other culty is one which arises only in connec- : 
} authors. I should like to mention this jon with the sibs. That is to say, : 
8 ) point here since it involves the general ordinarily the selection will not disturb : 
21 topic of relationship. the proportions affected amongst the \ 
48 Suppose we wish to estimate the fre- ,arents, children, cousins, ete., but only ‘ 
03 ; quency of the recessive non-secretor fac- amongst the sibs. This circumstance is . 
: tor from the data of Table I. Since this traceable not to any genetic peculiarity 
reeds : is taken as the square root of the propor- of sibs but merely to the fact that the : 
imple tion of non-secretors, the problem is patient himself is to be included in the 
erty. ; equivalent to estimating this latter pro- sibship. 
then } portion. Now if we consider the parents The reasons for the disturbance of the 
Idren alone, the proportion is simply 60/200, .:) proportions are explained very con- 
S xs while for the children we have 93/291.  icely by Professor Haldane.’ in the fol- 
cting These two estimates are indeed very lowing manner: “If I asked every child 
~— similar and ordinarily they would be leaving school in London this year how 
en be combined to give 153/491. However, it many brothers or sisters he or she had, 
wing would be incorrect to ascribe to this esti- and then calculated the average, it would 
d to mate, as is commonly done, a standard be much higher than the average family 
B, we error equivalent to one based on 491 size of London. First of all, I should 
1 the independent observations. An observa- have no representatives of childless fami- 
t will tion of two relatives will, in general, not lies. Secondly, I should have ten times 
and s carry the same precision as one based on as big a chance of getting a child from a 
> not two unrelated persons, but should have a family of ten as from a family of one. 
Atios, weight varying between land 2. Thisis gy 7 should greatly exaggerate the num- 
are easily understood in the extreme case ber of large families.’’ 
hesis where the coefficient of relationship In estimating the proportion of af- 
tain r=1; 100 pairs of one-egg twins (200 fected individuals in sibships we have a 
his 1s individuals) are clearly equivalent to very similar problem. First, we omit 
and only 100 single unrelated individuals. conse Where the parents could have pro- 
posi- The general procedure for estimating duced a defective child but, by chance, 
’ the gene frequencies in data containing rela- failed to do so. This is easily corrected 
such tives has been outlined by Professor nq need not worry the person who col- 
Blood _—" 12 R. A. Fisher, Ann. Eugi "i 10: 16 ), 1940. 
Iil.: 11L, H, Snyder, Eugenical News, xix: 61-69, 13 J, B. 8. Haldane, ‘‘Science and Everyday 
1934, Life,’’ New York: Macmillan, 1940, p. 268. 
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lects the data. The second difficulty, 
however, is more serious. Let us imagine 
two sibships of 5 members each, one con- 
taining three persons with, say, harelip, 
and the other only one. Now the sibship 
of three affected members may or may 
not have a greater chance of being found 
than the sibship with the single member. 
If the search for families showing this 
defect were exhaustive, so that every 
harelip in the area sampled would be 
certain to be found, then both of our sib- 
ships of 5 would of course get on record. 
If, however, only a portion of the avail- 
able harelips were encountered, the sib- 
ship of three defectives would have a 
greater chance of being recorded, since 
it might be brought to light through any 
one of the three individuals. 

To rectify this difficulty we must, in 
effect, estimate what fraction of the avail- 
able cases was studied. This would in- 
deed be of considerable interest, for, in 
addition to disentangling our present 
problem, it might also lead to an estimate 
of the incidence of the disease in the gen- 
eral population. Fortunately, it can be 
done if the clinician takes care to record 
which of the affected persons were the 
original patients or propositt. More ex- 
actly, he should specify, for each affected 
individual, whether that individual was 
a primary or a secondary case, that is, 
whether the person was encountered in- 
dividually in the clinic or school or 
whether he was only brought to light 
through an affected relative. Often a 
kindred involving several affected mem- 
bers will contain a single propositus, but 
occasionally two or more will have been 
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patients in the clinic or inmates of an 
institution. 

The problem is clearly a very impor 
tant one since, as we have seen, the sibs 
will always contain a large store 
genetic information. Unfortunately, the 
marking of propositi is frequently omit- 
ted in the publication of family histories 
and much genetical value is therefore 
lost. In some kinds of studies it is pos. 
sible that the classification, primary and 
secondary, will seem inappropriate ; there 
might be more than two conditions of 
ascertainment or the unit might be 
group rather than an individual. In 
such cases the investigator can do no 
better than to state exactly what these 
conditions were and trust that an ap- 
propriate statistical treatment can be 
devised. 

SUMMARY 

In conclusion, it would seem safe to 
say that any observations, to the extent 
that they are of value individually, wil! 
also be of value to the human geneticist, 
if only they contain relatives. Amongst 
relatives of the same degree, some kinds 
will be much more useful than others in 
the investigation of particular genetic 
phenomena. When the data are sought 
for unknown purposes or for several 
kinds of analysis, we can profitably adopt 
the rule that closest relatives are of great- 
est value. Even two relatives—parent- 
child, sibs, or twins—will often supply 
considerable information, though entire 
families are generally much preferred 
Most important is the careful recording 
of the circumstances under which each 
person was obtained for study. 
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PERSPECTIVE OF PUBLIC HEALTH IN THE 
UNITED STATES 


By Dr. J. M. GILLETTE 


DEPARTMENT OF SOCIOLOGY, 


Tue possession of perspectives is per- 
haps the most significant symptom of 
intelligent and scientific competency. 
The great difficulty of the present time 
on the part of the masses and even the 
intellectuals and statesmen in economics 
and politics consists in obtaining suffi- 
cient facts and developing the organizing 
technique for realizing their full lumi- 
nosity. Due to the fact that our health 
field has become so expanded and intri- 
cate and that our health efforts are highly 
individualistic and uncoordinated, our 
health perspective is liable to be blurred. 

In seeking to establish a historical per- 
spective of public health, pronounced 
limitations appear. Some things are 
clear and others are vague. Much of the 
story of mankind in matters of health are 
almost closed chapters. Except from 
observation of contemporary primitive 
peoples, we know next to nothing about 
man’s hygienic and health status during 
the many hundreds of thousands of 
years of his preliterate days. But it is 
certain that the death rate just about 
equaled the birth rate during that 
period because the world’s population 
remained small and dispersed. The fact 
that it required something like a million 
years for the world population to num- 
ber about 900,000,000, while about one 
and a quarter billion inhabitants have 
been added during the century and a 
third since that time shows that during 
the most of man’s earthly career he was 
scarcely able to survive the bitter strug- 
gle for existence. Foods were rough, 
famines were frequent, pestilence often 
ravaged populations, animal and human 
enemies took their heavy toll and births 
were relatively infrequent because of 
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long nursing periods which in turn were 
the outcome of crass foods unsuited to 
the young. 

Recorded mortality rates do not reach 
far back into history, and we know noth- 
ing of morbidity rates until very re- 
cently. The latter would be a better 
criterion of the state of health of a people 
than the former because morbidities are 
so much more frequent than mortalities. 
Most persons get ill or incapacitated 
many times during their lifetime but 
die only once. The federal health sur- 
vey of 1935 found that in this country 
on any winter day there are six million 
persons who are incapacitated from 
duties by illness or accident. 

Since incapacities from daily morbidi- 
ties from accidents are only a fraction of 
one per cent., all incapacitations may be 
thought of as arising from morbidity. 
Summer morbidities are much fewer than 
those of winter. Consequently, let us 
assume an average of 3,000,000 incapaci- 
tations a day throughout the year. This 
would give an annual rate of incapacita- 
tions from morbidities of 8,690. From 
these data and from the estimated num- 
ber of deaths for any given day of the 
three heavy winter months, the calcula- 
tion is made that on such a day there 
are 1,336 incapacities from morbidity for 
each death. But since we do not have 
published federal records of morbidities 
for our nation and states, we are com- 
pelled to study general health conditions 
by means of mortality data. 

Records of European death rates be- 
gin early in the nineteenth century with 
two countries and increase in number of 
countries until there are eight in 1860 
and 20 in 1930. The approximate aver- 
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age death rate for the three countries 
reporting for the five-year period 1808- 
1812 was 29.5, and the death-rate range 
was from 23.1 to 39.8. The eight coun- 
tries reporting for the period, 1848-52, 
had an approximate mean rate of 22.6 
and the approximate mean rate of the 
20 countries reporting for the period 
1928 to 1932 was 14.3 and their death 
rates ranged from 9.6 to 20.7. The de- 
cline of mean rates from 29.5 to 14.3 was 
quite regular, indicating an orderly and 
regular improvement in public health. 

One might have expected a great drop 
in the curve after the germ theory of dis- 
ease came to be adopted as basic to medi- 
cine and public health about the close of 
the last century. No such revolutionary 
incidence in medicine affected the mor- 
tality rate in an apparent manner. 
Probably the most important contributor 
to this result was the improvement in the 
amount of subsistence during that cen- 
tury which was made possible by the 
agricultural revolution and the industrial 
revolution. The masses had their food 
and other living standards increased and 
improved as never before. We are just 
now recognizing that improved nutri- 
ment is the greatest foe of disease and 
death. Of course medicine and sanita- 
tion by reason of antiseptics and im- 
proved engineering devices affecting 
water supplies and disposal of sewage 
also made their contributions. Life has 
been made safer in great cities, and in the 
United States the death rate in some of 
them is lower than that of rural popula- 
tions of the same area. 

There are ‘‘scientific guesses’’ that 
prior to the eighteenth century or there- 
about, the mortality rates of these Euro- 
pean nations must have been very much 
higher than those at the beginning of the 
nineteenth century. They were so high 
that they compelled a very slow popula- 
tion growth, which means that they 
about equaled the birth rates, which must 
have been very liberal. It is reckoned 
that in such great cities as London the 











death rates were above the birth rate 
and that the cities grew only from 
tracting country people whose surplus 
age of inhabitants were the outcom: 
high birth rates and lower death rates 

The health picture of that age in ¢ 
eral was probably similar to that of sar 
ple rural areas of China to-day. A re. 
cent survey of the Ting Hsien ar 
consisting of forty-four square miles and 
a population of 44,190, or an average 
about 1,000 per square miles, reveals the 
following things. The inhabitants live 
in sixty-one villages, ranging from 100 
to 2,600 per village. The average size of 
family farms is five acres and the aver- 
age annual income is six to seven dollars 
(gold). The fifty-eight primary schools 
enroll 2,540 children at the general per 
capita cost of two dollars. Half of t 
sixty-one villages have a modicum and 
the rest have no medical facilities 
Trachoma and ringworm, dysenter 
summer diarrhea and typhoid fever are 
prevalent. Tetanus, neonatorum, small- 
pox and scarlet fever are the chief 
causes of death. There are no scientifi 
checks on epidemics. The general birt 
rate is about thirty-two, and the general 
death rate about thirty-one. Thus 
population is practically stationary.’ 

Recorded death rates in the United 
States began in 1880 with the first reg 
istration area, consisting of two states 
Massachusetts and New Jersey, and the 
District of Columbia, comprising about 
17 per cent. of the population of the 
nation. What mortality rates were ob- 
tained previously can only be estimated 
roughly. An approximate idea of what 
they were during the first three decades 
between 1790 and 1920 may be obtained 
from the decennial population increase 
and the amount of immigration. Th 
former was about 35 per cent. a decad 
a rate of 35 per thousand a year. The 
immigration amounted to an average 
91,600 a decade, or about 5 per cent. o! 

1C. C. Ch’en, M.D., M.P.H., Milbank M 
F. Quar. Bul., 11: 95-129, April, 1933. 
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20 40 60 80 100 180 140 160 180 2800 3220 

Appendicitis 14.0 
Diarrhea and Enteritis 17.3 
Diabetes 21.4 
Influenza 24.5 
Automobile accidents 25.0 
Congenital Malformations 51.5 
& diseases early infancy 

Tuberculosis 58.8 
Pneumonia 73.3 
Cerebral hemorrhage and 76.0 
softening of brain 

Nephritis 83.0 
Cancer 102.0 
Diseases of heart 220.0 
FIG. 1. MEAN DEATH RATE PER 100,000 FOR SPECIFIED CAUSES OF DEATH IN THE UNITED STATES 


FOR THE PERIOD, 1932-34. MEAN NUMBER DEATHS, U. S., 1932-34: 1,346,099. DEATHS FROM HIGH 
SIX IN CHART FOR SAME PERIOD 779,804—58.8 PER CENT., OF ALL. DATA FOR ESTIMATES FROM 


MORTALITY STATISTICS, 1932, AND FROM ADVANCED ‘‘ RELEASE SHEETS 


the amount of population gain. The dif- 
ference between immigration and popu- 
lation increase represents the natural 
increase, the excess of births over deaths. 
This yields a rate of about thirty-three. 
To realize such a rate of natural increase 
demanded a very high birth rate. Were 
that rate fifty, the accompanying death 
rate would have been seventeen. Prob- 
ably the latter was close to the real death 
rate then, for the farm population would 
probably average about 80 to 85 per cent. 
of all for the thirty years. This farming 
population had an abundance of land, 
food, fair housing, plenty of fuel and 
ample clothing. It was a well-kept popu- 
lation in terms of subsistence and should 
have sustained a relatively low death 
rate. Epidemics would constitute the 
great causes of death. The death rates 
would be much lower than those of Euro- 
pean countries of that time because of 
the abundance of subsistence here. 

Our crude death rate in 1880 was 19.8 


OF CENSUS BUREAU, 1936. 


per 1,000 of the population. In 1890, 
when the registration area included over 
31 per cent. of the inhabitants and eight 
states besides the District of Columbia, 
the death rate was almost that of 1880, 
19.6 per 1,000. The curve of the mor- 
tality rate fell very rapidly till 1900, and 
then still more rapidly and quite regu- 
larly on the average until by 1935 it was 
11.0 for the 1880 registration area and 
10.8 for the whole national area. Judg- 
ing by the fact that the original regis- 
tration area had a rate in 1935 which was 
almost exactly that of the whole national 
area, we might conclude that the rate of 
1880 was representative of the whole na- 
tion. The only marked variation from 
the downward trend of the national mor- 
tality rate occurred in 1918 when the 
death rate mounted to about 18 from a 
level of about 13.5 in 1915. The large 
fluctuation was of course due to the ‘‘flu’’ 
epidemic of that period. 

Are we to attribute the rapid fall of 
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death rates after 1890 to the placement 
of medical practice on the basis of the 
germ conception of contagious disease or 
to the inclusion in the registration area 
large sections of the best-conditioned 
farming states with their more ample 
subsistence levels? Certainly reduction 
of deaths from contagious diseases has 
greatly affected the general mortality 
rate. But we do not dare impute too 
much to that, since the fall in European 
death rates prior to the discoveries of 
Lister and Pasteur were about as marked 
and gradual as those subsequent to them. 

This downward trend in mortality 
rates has been favorable to every age class 
of our population, although the gains to 
those under ten years of age are greater 
than those of any other age class. Be- 
tween 1900 and 1932 even the aged, the 
population class of 75 and over, have 
improved their health status, as is indi- 
cated by their more favorable death rate. 
It is most satisfying to note that only 
a third as many infants proportionally 
die to-day as in 1900 and that the gains 
to those under five is even greater. 

Are we to expect a continuation of the 
downward trend of the mortality rate in 
future of the same nature as that obtain- 
ing since 1900 or may it follow the hori- 
zontal henceforth or even make an 
ascent? The answer to this question is 
to be found chiefly in the changing age 
composition and in the changed nature 
of the chief causes of death which con- 
fronts medical care. The latter item will 
receive attention later in this article. 
Regarding the former, the import of age 
composition is seen in the statement that 
for a population with average length of 
life of sixty years and which, at the same 
time, is stationary (not increasing by 
excess of births over deaths or by immi- 
gration), the death rate must necessarily 
be about 16.7. Should our national 
population become stationary (predicted 
for the near future) and did we main- 
tain our present average length of life 
(about sixty-three), then our death rate 
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will be forced up from the present ten or 
eleven to nearly sixteen. That might 
occur, however, without any deterioration 
in public health conditions. 

A very considerable portion of health 
gains during this century have come from 
improved control of germ diseases. In 
1935, contagious diseases accounted for 
9 per cent. of all deaths, in 1912 for 
about 21 per cent. Some diseases, such 
as smallpox and diphtheria, have almost 
disappeared and tuberculosis has been 
robbed of its place as the leading man- 
killer. 

The accompanying figure, Fig. 1, 
gives the picture of our twelve chief 
mankillers for a period of years, 1932- 
1934. The mean for the three years is 
used in order to obviate annual fluctua- 
tions. 

These twelve causes represent 72.5 per 
cent. of all deaths during that period and 
therefore show where the chief health 
problem lies, so far as causes of death 
can denote it. The ‘‘big six,’’ lower half 
of chart, account for 58.8 per cent., or 
nearly six out of every ten deaths. Dis- 
eases of the heart levy a death rate 
nearly sixteen times that of the lowest, 
appendicitis, over twice that of cancer, 
and nearly four times that of tuberculo- 
sis, formerly the chief cause of death. 
In 1935, diseases of heart, excluding 
coronary troubles, occasioned 19.5 per 
cent) of all deaths of that year. In this 
formidable list, only two contagious dis- 
eases appear, representing only 8 per 
cent. of all deaths. Deaths by auto acci- 
dents, very important, are a little over 
one a hundred of all deaths, and fortu- 
nately they have become proportionally 
less during the last two years. 

The big fight in the field of health and 
medical care of the future, then, so far 
as mortality rates are an indication, is 
not to be against contagious diseases but 
against the nine non-contagious causes 
of the chart. Some of these greatest 
among man-killers are, as yet, under 
slight control. Various forms of heart 
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Annual rate per 4,000 








Neurasthenia and other nervousne 








FIG. 2. INCIDENCE OF ILLNESS BASED ON NATION- 


TION OF FIGURE IN ‘‘THE NEXT STEPS IN PUBLIC 
SYDENSTRICKER, 


disease are not curable but only miti- 
gable. And what is true of heart troubles 
is true of cancer generally. A large 
proportion of the most troublesome dis- 
eases are terminal in nature, develop with 
age and represent the accumulated scars 
contracted during the battle of life. We 
share in the scientific hope and expecta- 
tion that ultimately all of them, one by 
one, will succumb to the discoveries of 
scientific workers and come wholly or in 
large part within control. What sulfa- 
nilamide and its derivatives are accom- 
plishing in the field of pneumonia and 
elsewhere is a harbinger of what may be 
discovered and practiced for any of the 
others. 

A comparison of a morbidity chart, 


Iliness 
_—29_49 60 89 100 120 140 
Cold and bronchitis 4s, 
Influenza and pneumonia 91. 
Accidents 74, 
Sore throat, tonsilitis, etc, 64, 
Indigestion and other stomach 39. 
aiseases 
Skin diseases 34, 


Diseases of female genital organs} 31, 
Rheumatism and neuritis 23. 
Ear ané mestoid diseases 19.9 
Diarrhea and enteritis 18.9 
Measles 16.9 
Whooping cough 12.9 


Heart diseases 12.6 












WIDE PERIODIC SURVEYS, 1928-1931. REPRODU* 
HEALTH,’’ MILBANK MEMORIAL FUND, BY EDGAR 
N. Y., PAGE 31. 


Fig. 2, with the one just noticed reveals 
quite a different set of causal factors 
as afflictions and incapacitators of man- 
kind. In it germ and contagious diseases 
are observed to be the ‘‘big chiefs’’ of 
morbidity. Diseases of the heart have 
less than one eighth the force of colds 
and bronchitis, while cancer does not 
appear on the list. 

The causal factors in morbidity may be 
given as follows: Germ and contagious 
diseases may be considered to be the “‘ big 
chiefs’? of morbidity. Diseases of the 
heart have less than one eighth the force 
of colds and bronchitis, while cancer does 
not appear to be a causal factor. These 
are the ailments and external incidents 
which incapacitate people for work and 


See as 








240 THE SCIENTIFIC MONTHLY 


duties. These are the predominant causes 
which incapacitate an average of 6,000,- 
000 persons any winter day, according to 
the national public health survey of 1935— 
36. They also serve as the fostering foun- 
dation of many of the terminal diseases 
which trouble people in middle or later 
life. According to these morbidity data, 
and from the point of view of morbidity 
alone, the big health problem is one of 
controlling these ailments which inca- 
pacitate millions daily for duty, sap their 
vitality, cripple their economic efficiency 
and lay the basis for the inroads of more 
serious diseases later in life. It is a mat- 
ter for debate which is the chief field for 
society to attack, the ailments presented 
in the mortality or morbidity charts. 
Viewed in relation to immediate life ter- 
mination, mortality causes hold first 
place. But thought of quantitatively, in 
ease number, and as incapacitating for 
functioning in life processes, morbidities 
are far in the lead, since, as was said, on 
any average winter day there are 1,336 
incapacitating illnesses for every mor- 
tality. 

Something that should be of profound- 
est significance to health workers is the 
distribution of death rates and the 
causes of such distribution among the 
states. Unfortunately, neither the gen- 
eral public nor the trained health frater- 
nity has a really scientific and objec- 
tively determined comprehension of 
either, and especially the latter. With 
a very few exceptions, it is a guess re- 
garding whether a regional change or if 
this or that region will act beneficially 
upon patients who have specific ailments. 
What we should know we do not know 
for two reasons: First, the facts relative 
to distribution have not been published 
in such form as to make them visual; 
second, the causes of mortality distribu- 
tion in general and specifically have not 
been determined. This study has ven- 
tured into this field. It supplies avail- 
able information concerning the distri- 
bution of several classes of mortality 


rates throughout the nation by states. 
and it investigates observationally and 
statistically the field of causation a 
counting for the spread. 

In order to iron out annual fluctua- 
tions, estimates have been made of mean 
crude death rates for general and specific 
causes of death for all the states for the 
three-year period, 1932-34. The specific 
rates are those of the six greatest man- 
killers. And so that the distribution 
patterns may be observed at a glance. 
they are embodied in cartographic maps, 
one for general mortality and the others 
for each of five specific causes. All maps 
are built on the same principle. The 
highest rates are represented by darkest 
shadings and the lowest by the lightest 
shadings, the others graduating between 
the extremes. For the benefit of the ob- 
server of the charts it seemed advisable 
to tabulate the class limits of the death 
rates of the maps in Table 1, since reduc- 
tion in size for publication purposes has 
obscured them. 

The range of variation in the general 
rate is from 7.9 in North Dakota to 13.7 
in Nevada, per 1,000. The variations in 
specific rates (per 100,000) are as fol- 
lows: In diseases of heart, from 102.1 in 
Arkansas to 381 in the District of Colum- 
bia; in cancer, from 44.5 in Arkansas to 
157.5 in New Hampshire; in nephritis, 
from 44.8 in South Dakota to 141.9 in 
Delaware; in cerebral hemorrhage, etc., 
from 36.8 in Louisiana to 136.1 in New 
Hampshire; in tuberculosis, from 20.2 in 
Nebraska to 239 in Arizona ; and in pneu- 
monia, from 48.5 in Oregon to 119.6 in 
the District of Columbia. 

A critical inspection of the general 
death-rate map (Fig. 3) makes some 
things apparent. We are struck by the 
absence of a dominant regional pattern 
Most any class of mortality rates may 
occur most anywhere. The nearest to 4 
dominant regional block lies in the north- 
ern Plains and Rocky Mountain region, 
a low rate area. But low rates also ap- 
pear in the southeastern states. 
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When the cause of this distribution 
pattern is sought, we become aware of 
two things: First, the presence of a 
number of determining factors, of 
which there are several classes—geo- 
graphical, such as precipitation and 
temperature; biological, as seen in age 
composition; and cultural, evinced in 
migration of population between regions, 
per cent. of population that is urban, 
degree of schooling and per capita in- 
come. No one set or kind of condition 
accounts for all differences in distribu- 
tion. Second, the determination of the 
exact weight exercised by any set of 
causal conditions can not be scientifically 
reckoned. This is typical of attempts to 
discover the exact division of labor 
among social forces which produce situa- 
tions and problems. However, by means 
of this research effort we have learned 
something about causes of mortality dis- 
tribution of both a negative and positive 
nature. It is possible to say that some 
factors are not important and that others 
are significant as causes. 


MEAN DEATH RATE, UNITED STATES, 1932-34, BY STATES. 


A geographic determinist would not 
extract much satisfaction from a critical 
inspection of this spot-map. The medi- 
eal man who wrote a book to demon- 
strate that differential death rates of 
North and South are due to differing 
climatic conditions evidently never con- 
fronted such an array of distributive 
mortality spot-maps as the series of this 
study reveal. If Ellsworth Huntington’s 
‘‘zone of energy’’ were based on death 
rates, it would be very partial. An at- 
tempt to explain the variation in rates 
solely by differences in physical environ- 
ment immediately confronts confounding 
contradictions. Two sets of facts at once 
become obvious. First, states having 
identical climates, such as Nevada and 
Utah or Texas and Oklahoma, exhibit 
great extremes in death rates; second, 
identical mortality rates in states having 
most diverse geographical conditions, as 
seen in the case of North Dakota and 
Oklahoma or in that of Maine and New 
Mexico. 

North Dakota is cold, dry, has long 


bah hdd’ Os Oe ee 


Se ee oe 








242 





THE SCIENTIFIC MONTHLY 


TABLE 1 


Ciass LIMITS oF SPECIFIED MEAN DeatuH Rates, 1932-34 








General per — — 





Specific per 100,000 




















1,000 : a ; 
Heart Cancer Nephritis — a — Pneumonia 
13.5 and over 340-383 125-144 118-139 106-239 48- 57.8 
12.3-13.4 ......- 280—339 136—167 105-124 96-117 82-105 60— 74.9 
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winters and a low precipitation rate of 
generally less than twenty, while Okla- 
homa is hot, generally has a rainfall much 
greater than North Dakota, has long sum- 
mers and mild winters. The only com- 
mon climatic element is low precipitation 
in the western portions of the states. On 
the other hand, take Montana and Mis- 
sissippi, states having similar death 
rates, for comparison. Montana has a 
high altitude, is low in precipitation, has 
long cold winters, while Mississippi is 
the reverse in all particulars. New Mex- 
ico, with a dry climate, high elevation, 
almost no winter except in the mountain 
areas, is to be compared with Maine, 
which is the opposite in all these respects. 
In the same manner we observe other 
pairs of states, such as Maine and Ne- 
vada, Wisconsin and Texas, etc. 

The similar high rates of Maine and 
New Mexico are to be explained prob- 
ably in large measure with respect to 
age composition and migration, the latter 
being in turn a large cause of the former. 
In New Mexico, 43 per cent. of the popu- 
lation in 1930 was between the ages of 
five and twenty-five, the period of lowest 
death rates, while in Maine but 35.5 per 
cent. of the inhabitants were so aged. In 
contrast, the percentages of persons who 
were sixty years old or more, the age 
period of greatest death rates, were 7.4 
in New Mexico and 12.8 in Maine. This 
alone would place Maine high in the 
death-rate list. Both states have been 
influenced by migration. Maine has lost 
younger people to the West formerly and 
to eastern cities more recently, while New 


Mexico has received young inhabitants 
This helps explain why the Maine popv- 
lation is older than that of New Mexic 
Into New Mexico also have migrated 
many tuberculous and perhaps other ail- 
ing individuals, many of whom have died 
there and swollen the death rate. This 
goes far to explain the high mortalit; 
rate there. The geographical factor in 
the case of New Mexico appears as an 
indirect cause of the high death rate. Its 
favorable climate has attracted the dis- 
eased individuals who have died there 
but the climate did not kill them. 

One is apt to think that the explana 
tion of the distribution of specific death 
rates would be comparatively simple, as 
the case of death from hookworm. But 
such is not the case, as a review of the 
situation in some detail suffices to show 

Fig. 4 shows how mortality rates from 
diseases of heart are reported by the fed- 
eral census. Variations are pronounced, 
but there seem to be regional patterns 
The areas of highest and high rates 
are northeastern and extreme western 
United States, the Plains, eastern Rock- 
ies and South generally showing lowest 
and low. A physician might very well 
advise his heart patients, if a change 
were thought desirable, to go to the 
South or to the extreme central North 

The tendency among those who see 
these charts is to explain mortality dis- 
tribution in terms of climatic conditions 
Causatively, climate does not appear t 
amount to much as an explanation o/ 
this distribution. Regarding tempera- 
ture, low death rates obtain in numerous 
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eases in hot and cold regions, and the 
same is true regarding precipitation or 
moisture. One can not claim too much 
for cold or dry as being conducive to 
avoidance of heart troubles. This con- 
clusion is substantiated by applying the 
method of correlation to two sets of var- 
iables, that of heart death rates among 
the forty-eight states and District of 
Columbia as one series with each of two 
others, mean temperature and mean pre- 
cipitation. The former gives a coefficient 
of -—0.27, with a probable error of .09 
and the latter one of — 0.04, with a prob- 
able error of .10. Since in both cases the 
probable error is more than a fourth of 
the coefficient, the latter has little or no 
significance. It is understood that cor- 
relation is useful, when intelligently ap- 
plied, as a clue to causal relationship 
obtaining between series of variables. 
Cultural environmental factors do ap- 
pear as influential in explaining the dis- 
tribution pattern. Both per cent. of 
population that is urban among states 


MEAN NUMBER OF DEATHS PER 100,000 FROM DISEASES OF HEART, UNITED STATES, 1932-34. 


and the per capita income among states, 
when correlated with the heart mortality 
series yield highly significant coefficients. 
The coefficient of urbanism with heart 
death rate is 0.75, with a probable error 
of .04. That of heart death rate with 
per capita income is 0.73, with a prob- 
able error of .05. These mean that the 
greater urbanism and per capita income 
are, the higher is the death rate from 
heart disease. Thus both coefficients are 
significant. But the coefficient between 
urbanism and per capita income is 0.79, 
indicating that they are closely associ- 
ated. To discover what is what, an ap- 
plication of partial correlation, when per 
cent. urban is held constant, yields a 
coefficient of 0.34, with a probable error 
of .085. Thus it is shown that it is not 
the per capita income but the degree of 
urbanism that is the important causative 
factor. We conclude that heart mortal- 
ity rates graduate upward with per cent. 
of population which is urban. 

The distribution of the death rate 
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FIG. 5. MEAN NUMBER OF DEATHS PER 100,000 FROM CANCER, UNITED STATES, 1932-34 


from cancer may be visualized by in- 
specting Fig. 5. Regional patterns are 
at once apparent. Lowest class areas are 
found in the southeast, southwest, east- 
ern Rockies and northern Plains. The 
District of Columbia represents the high- 
est class rate and New England next 
highest. Although they at first appear 
large, geographical influences are not at 
all influential. Again there are many 
cases of similar rates in states of widely 
differing climatic conditions and differ- 
ent rates in similarly located states. The 
District of Columbia stands out in glar- 
ing contrast with the southern states 
generally, and West Virginia contradicts 
Ohio or Pennsylvania, but there is con- 
siderable causality between temperature 
and the cancer death rate, since the 
coefficient of correlation is not much 
impaired after applying partial corre- 
lation, holding degree of urbanism in 
control. This results in a coefficient of 
—0.52, with a probable error of .07. 


Thus the 
higher the temperature, the lower is the 
eancer death rate, on the average. A 
physician would be justified in advising 
cancer patients to go South or to west 
central United States for favorable cli- 
mates. 

Living under urban conditions ap- 
pears as a decisive factor in the distribu- 


tion of the cancer death rate among 


states, the coefficient of correlation be- 


tween the death rate series and the 


urban series being 0.67. This of course 
reads that the death rate increases wit 
the per cent. of inhabitants who live in 
cities. The coefficient of correlation be- 
tween cancer series and that of per 
capita income is 0.70 with a probable 
error of .05. This looks significant, but 
when partial correlation is applied be- 
tween cancer death rate, per capita in- 
come and per cent. of population that is 
urban, holding the latter in check, the 


insignificant coefficient of 0.28 with 


interpretation reads: The 
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Fic. 6. MEAN NUMBER OF DEATHS PER 100,000 FROM NEPHRITIS, UNITED STATES, 1932-34. 


probable error of .085 is obtained. We 
conclude that per cent. urban rather than 
income is the great cultural causative 
influence. What element in urbanism it 
is that is influential is yet open to guess. 
It may be that diagnosis improves with 
degree of urbanism. In reality the death 
rate in rural and urban populations 
might be the same, but better diagnosis 
in cities brings more of it to light. 
After consulting Fig. 6, showing the 
distribution of the mortality rate from 
nephritis throughout the states, a physi- 
cian would be inclined to advise patients 
to avoid the area east of the Mississippi 
generally and the Pacific coast region 
and to settle most anywhere within the 
Great Plains and eastern Rocky Moun- 
tain areas, with the exception of Louisi- 
ana, Missouri, Kansas and Nevada. But 
if he justified his advice on grounds of 
climate, he would overlook some very 
contradictory facts. The cold and dry 
northern plains and mountain states 


have the same low death rates from 
nephritis as do the hot moist states of 
Arkansas and Alabama, while hot states 
like Arizona and Florida have most 
divergent rates. If he were wise and 
honest he would say he does not know 
why, but supposes there are influential 
social environment factors which also 
intervene. Or if he were statistically in- 
clined he might try out some correla- 
tions. Then he would find a somewhat 
significant coefficient between nephritis 
death rate and temperature of 0.44, with 
probable error of .09, and a more signifi- 
cant one between death rate and precipi- 
tation of —0.67, with a probable error 
of .07. His explanation would then be 
that to a small extent nephritis mortality 
increases with temperature, but to a con- 
siderably greater degree it decreases 
with the amount of precipitation. The 
ultimate whyness of that he would have 
to tussle over. The use of correlation 
on the data we have do not reveal 
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what socio-cultural factors are influen- 
tial causes. But since climatic condi- 
tions do not fully explain and do raise 
contradictions, we suppose the other fac- 
tors are modifying agents. 

There is no striking regional pattern 
or patterns relative to mortality rates 
from cerebral hemorrhage, etc., among 
states. (See Fig.7.) The highest rates 
are found in Maine and New Hampshire, 
next highest in Vermont, Maryland, Vir- 
ginia, Ohio and Indiana. Low rates are 
scattered from Atlantic to Pacific Coasts 
and from Canada to Mexico. Rather ob- 
viously neither climate nor topography, 
temperature nor moisture, have para- 
mount determinative influence. Statisti- 
cal application of methods of correlation 
result in nothing at all significant. There 
is a correlation coefficient of 0.40 with a 
probable error of .08 between this death 
rate and per cent. of urbanism, showing 
that living in cities or some factor or fac- 
tors in urban residence perhaps are caus- 
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ative factors. A more significant coeff 
cient results from correlating hemorrhag, 
death rates with the per cent. of popu 
lation between ages of five and fifty-four 
one of —0.51, with a probable error o 
.07. This would read that the greater 
the per cent. of inhabitants in that wide 
age period, the one with a uniformly loy 
death rate generally, the lower is the 
mortality rate from cerebral hemor. 
rhage. If the physician advised suc! 
patients to keep out of Maine and New 
Hampshire, the states with highest death 
rates from this cause, he should not do 
it because of climatic reasons, for they 
probably have little to do with the case 
In fact, he would have little reason for 
giving such advice, since it is likely that 
the heavy migration of younger persons 
out of those states has left an excep 
tionally large portion of those who are 

upper age levels and so who are espe- 
cially addicted to attacks of cerebral 
hemorrhage. It is a biochemical rather 
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MEAN NUMBER OF DEATHS PER 100,000 From 


CEREBRAL HEMORRHAGE, ETC., UNITED 


STATES, 1932-34. 
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ric. 8. MEAN NUMBER OF DEATHS PER 100,000 


than physical or cultural environmental 
matter. 

Regionality shows up strongly in the 
spot-map of tuberculosis (Fig. 8). All 
the highest death rates from that disease, 
all the next highest, and most of the 
medium rates lie in states south of the 
northern tips of Nevada, Colorado, Mis- 
souri and Maryland. There is only one 
medium rate state, New York, north of 
that line. The six lowest rate states are 
Kansas, Utah, Iowa, Nebraska, Wyoming 
and North Dakota. The most southerly 
next lowest rate state is Oklahoma. On 
the surface, medical advice to tubercu- 
losis patients as to location would be to 
avoid the low-rate states, probably for 
climatic reasons. 

Yet here again, as in previous in- 
stances, most contradictory situations 
crop up. Here are states identical in 
class of rates but fundamentally and 
widely differing in climatic conditions: 
Nevada and Colorado on one hand and 


FROM TUBERCULOSIS, UNITED STATES, 1932-34. 


Maryland, Virginia, Tennessee and Ken- 
tucky on the other. There are also North 
Dakota and Utah, Montana and Okla- 
homa. New Mexico, with a rate of 133, 
and Arizona, with one of 239, stand 
highest in rates, yet these high rates are 
only indirectly due to climate. Tuber- 
culosis patients repair there to avoid the 
disease and just happen to die there and 
so run the state rate up. What is true 
of them is only less true of Nevada and 
Colorado. How largely migration to 
supposedly favorable climates affect the 
death rate of other states is indetermin- 
able. Evidently low temperatures are 
not unfavorable to tuberculosis, since it 
is the northern states generally which 
show low rates and the state with the 
lowest mean temperature, North Dakota, 
is only fourth above the lowest tubercu- 
losis death-rate state. 

Coefficients of correlation are favor- 
able to the idea that climatic conditions 
have a good deal to do with distribution 
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of tuberculosis mortality rates. That 
for temperature and tuberculosis death 
rate is 0.58, while that between the latter 
and precipitation is 0.59, the probable 
error in each case being .06. Thus the 
tuberculosis death rate varies directly 
with temperature and the amount of 
precipitation, remembering the notable 
exceptions which were indicated. 

Due to mutilation of the spot-map of 
pneumonia, the visual picture of death 
rates from that disease can not be pre- 
sented. But the states have been 
grouped according to rate classes, and 
the mode of spread noted. Seven of the 
nine geographical divisions of the United 
States with eight states and all climates 
are represented in class one; nine divi- 
sions, twenty states and all climates in 
class two; five divisions, twelve states 
and all climates in class three; three 
divisions, seven states and all climates 
in class four; and the District of Colum- 
bia alone in class five. There is no large 
block of states with similar rates any- 
where and no distinctive regional pat- 
tern. Further, in testing the matter by 


TWENTY-ONE COLLEGES 


In advancing the frontiers of learning, the 
physical, biological and social sciences have over- 
thrown many of the old authorities and have 
challenged the ideas, the values and the beliefs 
that gave order and coherence to the older 
scheme of knowledge. The present chaotic 
character of higher learning is the direct result 
of the breaking up of the established pattern of 
culture. There are some who believe that the 
broken pieces can be reassembled. For them edu- 
cation’s whole duty is to conserve and transmit 
the cultural inheritance from the past and to re- 
main loyal to the traditional disciplines of lib- 
eral learning. 

There are others who would make a negotiated 
peace. They do not ask for a return to the old 
order, but they would like to correct the unbal- 
ance between technical training and liberal cul- 
ture. They believe that science and scientific 
method should be counterbalanced by philos- 
ophy, religion, literature and art. . . 

There are still others who have complete con- 
fidence in scientific knowledge but lament the 
backwardness of the social and biological sci- 
ences as compared with the magnificent advance 
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correlating the series relating to tem. 
perature, precipitation, per cent. 
urban population and per cent. of j; 
habitants in ages five to fifty-four, » 
coefficient which is at all near signif 
eance is obtained. The conclusion 
inevitable that no region or 
in a large way appears advantageoys 
for pneumonia patients. However, on, 
might think that the three areas, Ari. 
zona, Delaware and the District of (o. 
lumbia, whose rates range from 100 { 
120, are either disadvantageous in som: 
way or that afflicted persons flock there 
to live or for hospitalization. On th 
other hand, the physician might have 
good grounds to advise his patients ¢ 
seek relief in any one of these states 
whose pneumonia death rates are under 
sixty, placed in order of ascending rates 
from 48.5 to 57.8: Oregon, Washington 
Kansas, Wyoming, Kentucky, South 
Dakota, Mississippi and Nebraska. It is 
to be noted that hot and cold, dry and 
wet climates are present in this favored 
group of states. 


climate 


EXAMINE THEMSELVES 


in our control of inert matter and our knowledg: 
of the physical world. For them the primary 
task of education is to explore the wilderness of 
social relations and the human mind. They b 
lieve that the answer to our problems is mor 
knowledge. . . . 

And finally, there are those who are excited 
by the riches of the new world, and embrace it 
for better and for worse. They welcome t 
advent of new patterns of knowledge and an 
indigenous American culture. They would let 
the dead bury the dead while they rally to t! 
defense of the new order. For them there is n 
time to lose. The cause of freedom and democ 
racy is in peril. It is only by education for 
democracy that the future can be made secur 
They think of democracy not as a station but 
as a road, not as a status but as a process, not 
as a resting place but as a pilgrim’s progress 
They see in it man’s brightest hope, the future’s 
seal, the coming day of salvation. They have the 
conviction that this is the new integrating prin 
ciple, the new way of life we must find and 
teach.—William P. Tolley, The Educational 
Record, July, 1941. 
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KARL PEARSON: FOUNDER OF THE SCIENCE 
OF STATISTICS 


By Dr. SAMUEL S. WILKS 
ASSOCIATE PROFESSOR OF MATHEMATICS, PRINCETON UNIVERSITY 


Tue death of Karl Pearson in 1936 
ended the career of one of the most in- 
fluential scientific figures of the present 
century. His influence has been due not 
to sharply defined and dramatic discov- 
eries in science, but to the development 
of a methodology for investigating many 
phases of biological and social science 
with greater objectivity than had been 
possible before. There had been fore- 
runners of this new methodology such as 
the early English school of political 
arithmetic, the German school of state- 
science and the French school of prob- 
ability, but it was Pearson and his pupils 
who combined the principal ideas ad- 
vanced by these earlier schools and 
founded the science of statistics as we 
know it to-day. The statistical method 
of investigation developed by Pearson 
and his school and subsequently ex- 
panded, refined and reoriented in some 
respects under the leadership of R. A. 
Fisher has been adopted as a funda- 
mental part of the procedure of inquiry 
in many branches of social and biologi- 
eal science. Whether we look into the 
literature of genetics, eugenics, medi- 
eine, public health, agronomy, entomol- 
ogy, psychology, economies, quality con- 
trol of industrial products or any one of 
many other fields, we find frequency 
curves, correlation coefficients, chi- 
squares, standard errors and other 
Pearsonian tools of statistics. 

It is difficult to give even a rough indi- 
cation of the extent to which Pearson’s 
ideas and methodology have entered into 
the development of these various 
branches of scientific investigation with- 
out mentioning a few facts about Pear- 


son’s activities and the status of bio- 
logical and sociological science at the 
beginning of his career. Born in 1857, 
he was trained in the traditional Vic- 
torian manner in mathematics and 
philosophy at Cambridge in the late 
1870’s. In 1880 he was made a fellow 
of King’s College, which assured his 
financial independence for several years. 
The next five years represent for Pear- 
son a period of intense intellectual 
activity and a great widening of his 
interests. Undoubtedly influenced by 
his father’s profession, Pearson was 
called to the Bar in 1880 and established 
headquarters for legal studies in Inner 
Temple in London. During the next few 
years he made several trips to Germany, 
became interested in the history of the 
Reformation and German thought and 
social life of that period. Between 1882 
and 1884 he delivered several series of 
lectures and wrote a number of articles 
on his findings in German historical re- 
search, all of which were later consoli- 
dated into ‘‘The Ethie of Freethought,’’ 
and published in 1888. In this piece of 
work, we can see Pearson’s youthful 
idealism shaping itself into ‘‘that faith 
of a scientist which formed the basic 
philosophy”’ of his life. At the same 
time he was collecting material on the 
German Passion Play, which was used 
later in ‘‘The Chances of Death.’’ De- 
spite his ventures into the social studies 
at this period, his mathematical talent 
was by no means idle, for he was busy 
writing papers on the motion of fluids 
and other topics in the mathematical 
physies of that time. In 1884 he was 
appointed to a professorship of applied 
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mathematics and mechanics at Univer- 
sity College, London. Here we find him 
continuing his research in mechanics, as 
well as completing Clifford’s ‘‘Common 
Sense of the Exact Sciences’’ and Tod- 
hunter’s ‘‘History of the Theory of 
Elasticity,’’ both of which were left in 
fragmentary form by the deaths of the 
authors. In addition to the scientific 
value of completing this work, it helped 
crystallize in Pearson’s own mind many 
ideas regarding the fundamental con- 
cepts of science which were developed in 
a course of lectures given at Gresham 
College and later revised and published 
as ‘‘The Grammar of Science’’ (1892). 
This work is, and will probably remain 
for a long time to come, one of the 
classics in the philosophy of science. In 
it, he attacked the dogmatism of the past 
and stressed the need of eliminating 
from science any jurisdiction which 
theology and metaphysics may claim. 
He went a long way toward unscram- 
bling many points of confusion which 
existed in nineteenth century scientific 
thought by discussing and developing 
the idea of the necessity of strictly lim- 
iting the domain of science to an objec- 
tive description of the ‘‘how’’ rather 
than the ‘‘why’’ of phenomena, regard- 
less of the nature of the phenomena. 
‘‘The Grammar of Science’’ gives a re- 
markably clear picture of the scientific 
idealism which was to characterize Pear- 
son’s later work. The function of science 
to Pearson was ‘“‘the classification of 
facts, the recognition of their sequence 
and their relative significance.’’ To him 
‘‘The unity of all science consists alone 
in its method, not its material.’’ For his 
motto, he adopted the well-known words 
of Galton: ‘‘Until the phenomena of any 
branch of knowledge have been sub- 
mitted to measurement and number it 
can not assume the status and dignity of 
a science.’’ 

There is little room to wonder that in 
his later years Pearson, so strongly 


bound to these philosophical princip|.s 
should have turned his attention to pr 
lems in such a variety of fields. Wit 
a few years after his appointment to 
professorship at University College we 
find Pearson, heavily influenced by W 
F. R. Weldon and Francis Galton, }, 
ginning an extensive series of mathe. 
matical and statistical investigations 
into inheritance and evolution. Know). 
edge in this field up to now was main! 
descriptive and had not been subject 
to numerical treatment. The extent 
Pearson’s written contribution to 
study of these problems is amazing 
During the period 1893-1901 he | 
lished in the Philosophical Transact; 
of the Royal Society of London al 
thirty-five papers and memoirs on thes 
studies and on the mathematical prob- 
lems which grew out of them. It was in 
this program of research that he made 
his greatest contributions to statistical 
theory. He developed the theory of mu! 
tiple and partial correlation based or 
normal multivariate populations, intr 
duced curve-fitting by the method of 
moments, evolved his system of 
quency curves, derived the famous Chi 
square Test of Goodness of Fit, deduced 
many standard error formulas, and car- 
ried out many other investigations in 
theoretical statistics. Users of modern 
statistical tools familiar with Pearson’s 
work who will stop to examine the con- 
cepts underlying the use of their meth- 
ods will surely be impressed by the 
extent to which Pearson contributed t 
this body of tools. Of course much has 
been done in recent years in the further 
development and refinement of the 
mathematical tools of statistics, but 
without carefully considering the em- 
bryonic nature of statistical method be- 
fore Pearson’s time, it is difficult not to 
overlook the full significance of his orig- 
inal work in mathematical statistics 
Pearson was so vigorous and uwn- 
swerving in his scientific pursuits that 
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he was frequently involved in contro- 
yersy. One of the most bitter contro- 
versies of his career arose over the bio- 
metrical versus the Mendelian approach 
in genetics. The Mendelian hypothesis 
regarding the mechanism of heredity was 
rediscovered in 1900 after Pearson had 
advanced to a rather late stage in his 
biometrical study of inheritance. Some 
of his papers and views were severely 
eriticized by Bateson, a vigorous per- 
sonality of the Mendelian school, and 
this opened the controversy which lasted 
for four or five years and resulted in a 
virtually complete divorce between the 
approaches of the two schools to the 
study of heredity. This was perhaps 
unfortunate because it now appears that 
the Mendelian and biometric methods 
are, to a considerable extent, of a com- 
plementary nature rather than funda- 
mentally incompatible. One of the re- 
sults of the Bateson controversy was the 
founding of Biometrika, a journal which 
has played a leading réle in the develop- 
ment of statistical methodology. 

In 1906 after the death of Weldon, 
who had inspired Pearson in his study 
of heredity and evolution, Pearson began 
to turn his attention from the general 
principles of heredity to Galton’s infant 
science of eugenics and to the creation 
of a research institute where the ideas 
and techniques which Pearson had been 
advancing in rapid succession during the 
previous years could be carried on under 
more stable conditions and built into an 
independent and established branch of 
science. The result of his efforts was the 
foundation of the Biometric and Eugen- 
ics Laboratories, which were formed in 
1911 into the Department of Applied 
Statistics. Thus in 1907 we find Pearson 
at the head of the Department of Ap- 
plied Statistics, in charge of the Drawing 
Office for engineering students, giving 
evening classes in astronomy, directing 
two research laboratories and editing 
Biometrika and other series of publica- 
tions. This was indeed an enormous task 


for one man and could have been done 
successfully only by a man possessing his 
power of concentration and his ability 
of rapidly shifting his mind and atten- 
tion from one subject to another. It was 
not until 1911 that he gave up his chair 
in applied mathematics to give his full 
time to statistical studies. 

To give even an outline of the research 
work initiated by Pearson in his labora- 
tories between 1906 and the outbreak of 
the World War, is beyond the scope of 
this sketch. However, most of this work 
ean be roughly classified according to 
three headings: (1) memoirs concerned 
with the collection and analysis of funda- 
mental data regarding inheritance; (2) 
memoirs in which statistical methods 
were used in an attempt to throw light 
on important social and eugenie prob- 
lems of the time; (3) contributions deal- 
ing with statistical theory. The research 
done in (2) involved Pearson in various 
prolonged controversies. Included in 
this group of research projects were 
studies of claims made by various organ- 
izations and societies, some of which were 
sponsored by the medical profession, on 
the prevention of tuberculosis, on the 
effects of alcoholism, on the eugenic bet- 
terment of the race, etc. Much of the 
literature issued by these societies was 
propaganda based on ill-founded facts 
or none at all, and it was this type of 
authoritative dogma that Pearson re- 
belled against in ‘‘The Grammar of 
Science,’’ and which continued to irk 
him throughout his life. For example, 
one of the problems which Pearson in- 
vestigated was whether there was any 
evidence that the alcoholism of parents 
had any marked influence on the men- 
tality and physique of their progeny 
during childhood. His conclusion, based 
on data from Edinburgh and Manchester 
families, was that there was no marked 
influence of this kind.. The publication 
of this result created a terrific contro- 
versy in which economists, medical men 
who had denounced alcoholism at some 
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time or other and platform orators of 
temperance organizations joined in a 
chorus of protest and criticism. Un- 
daunted by these critics Pearson only 
gathered more evidence and challenged 
them to refute his conclusions scientifi- 
eally. This is only one of many fights 
in which Pearson became entangled then 
and later. 

The contributions of the pre-war 
period dealing with statistical theory 
arose quite naturally out of Pearson’s 
many statistical investigations. Almost 
all this work has been published in Bio- 
metrika or as separate publications is- 
sued by the Biometric Laboratory with 
the financial assistance of the Worshipful 
Company of Drapers. One important 
phase of Pearson’s program was the 
preparation of an extensive series of 
statistical tables, and the first significant 
achievement here was the completion of 
‘*Tables for Statisticians and Biometri- 
cians’’ in 1914. 

The outlook for the work of the Bio- 
metric Laboratory early in 1914 was 
better than it had ever been : a new build- 
ing had just been completed; lectures 
were well attended; able students were 
being drawn from various parts of the 
world; many projects were under way; 
a growing body of opinion in various 
branches of science was learning to ap- 
preciate the value of statistical methods. 
With the outbreak of the European war, 
this whole program was disrupted, al- 
though some of the work such as the edit- 
ing of Biometrika and research in statis- 
tical theory was continued on a small 
scale. Pearson placed his calculating 
facilities at the disposal of the Govern- 
ment, and his new building was used as 
an extension of the University College 
Hospital for the wounded. 

After the war, Pearson, now in his 
sixty-fourth year, resumed his program 
at the new Galton Laboratory with his 
characteristic vigor and capacity for 
hard work. A considerable number of 


new enterprises were started and suc 
cessfully completed before Pearson’s 
retirement in 1933. Among these pro- 
jects we find, ‘‘The Tracts for Com- 
puters,’’ dog-breeding experiments, work 
in anthropometry and _  crainometry, 
finishing the ‘‘Life of Francis Galton”’ 
which was started before the war, found. 
ing of the Galton Museum and of the 
Annals of Eugenics. It is difficult 
realize that all this new work was car- 
ried on under the personal supervision 
of a man between his sixty-fourth and 
seventy-seventh years and was done in 
addition to his lecturing and editing of 
Biometrika. He resigned his chair in 
1933 and continued some of his work in 
retirement until his death in April, 1936 
His Department of Applied Statistics 
was divided into two independent units 
—a Department of Eugenics with which 
the Galton professorship would be asso- 
ciated and a Department of Statistics 
The two new departments are now 
headed respectively by R. A. Fisher and 
E. S. Pearson. 

In his recent biography entitled 
‘‘Karl Pearson,’ E. §. Pearson has 
given a most illuminating and carefully 

1 E. 8. Pearson, ‘‘ Karl Pearson,’’ Cambridge 
University Press (1939). This biography is 
essentially a reprinting of two long articles of 
the same title originally published in Biometrika 
in 1936 and 1937. Since these articles were 
written primarily for the readers of Biometrika, 
the emphasis has been placed on the scientific 
life of Karl Pearson. The book is well docu 
mented by letters, photographs and extracts 
from the work of Pearson and his associates. 
An interesting feature is the addition of two 
appendices which did not appear in the original 
Biometrika articles. The first of these contains 
detailed syllabuses of thirty lectures on the 
‘*Geometry of Statistics’’ and the ‘‘ Laws of 
Chanee’’ delivered by Pearson to a popular 
audience at Gresham College between 1891 and 
1894. The second appendix was prepared by 
G. Udny Yule and contains a summary of sub- 
jects dealt with by Pearson in his lectures on 
the ‘‘Theory of Statistics’? when Yule was 4 
pupil of Pearson’s at University College in 
1894-96. The book also includes a partial bibli 
ography of 122 articles, books and memoirs 
written by Pearson. 
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interpreted account of the motives, 
methods and accomplishments of his 
father. He has portrayed his father 
‘‘as the historian, the writer on folk-lore, 
the socialist, the applied mathematician 
who discussed problems of elasticity and 
engineering . . . , as the author of ‘The 
Grammar of Science,’ as the biometri- 
cian, statistician and eugenist, as the 
teacher and the biographer.’’ It is per- 
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haps safe to say that Pearson’s greatest 
contribution to science is not his work 
in any particular one of these fields, but 
it is the methodology which he has devel- 
oped and illustrated again and again for 
handling problems in these and many 
other fields of a similar nature. He ‘‘has 
made the calculus of mathematical statis- 
tics a real factor of practice in vast fields 
of scientific inquiry.’’ 


AMERICA’S FIRST ATTEMPT TO UNITE THE 
FORCES OF SCIENCE AND GOVERNMENT 


By Dr. JOHN WILLIAM OLIVER 


PROFESSOR OF AMERICAN HISTORY, UNIVERSITY OF PITTSBURGH 


One hundred and twenty-five years 
ago this month (June, 1816), there was 
organized in Washington, D. C., a society 
for the promotion of the arts and sci- 
ences which came to be known as the 
Columbian Institute. So ambitious was 
its aim, and so pre-eminent were its 
leaders, that a brief review of this early 
scientific society may be of interest in 
times like the present. 

The two leading spirits in organizing 
the Columbian Institute were Dr. Ed- 
ward Cutbush and Thomas Law. At 
the opening meeting, June 1, 1816, Dr. 
Cutbush declared that the time had come 
in this young nation to organize the sci- 
entific minds of the country and place 
their services at the disposal of the gov- 
ernment. ‘‘We would,’’ he declared, 
“‘foster the arts and the sciences, and 
develop them for the benefit of all people. 
... There is scarcely an art or science 
that cannot be benefited by this society. 
. . « The science of chemistry is to be 
given special attention since it is con- 
sidered the handmaid of the arts, and is 
intimately connected with almost every 
branch of human knowledge; the arts, 
agriculture, and manufacturing.’” 


1 Richard Rathbun, UV. 8. National Musewm 
Bull., 101: 12, 1917. 


This young scientific society immedi- 
ately attracted the attention of leading 
men everywhere. Numbered among its 
members were John Quincey Adams, who 
for many years was America’s greatest 
patron of science ; John C. Calhoun, who 
had not yet become too deeply absorbed 
in the philosophy of states’ rights ; Henry 
Clay, who soon would be proclaiming his 
great American System; Andrew Jack- 
son, who later was to view with alarm 
too much governmental interference in 
private affairs of any kind; Joel R. Poin- 
sett, soon to rank among the leading sci- 
entists of the South; Charles Wilkes, who 
later was to gain renown as leader of the 
famous Southern Pacific Expedition, and 
who during the Civil War captured the 
British steamer Trent, and arrested 
Mason and Slidell as they were fleeing 
en route to England; William H. Craw- 
ford, Richard Rush, William Wirt, John 
McLean and others of equal importance. 

The membership also included the 
names of fifteen United States Senators, 
twenty-eight Congressmen, six Cabinet 
members, two foreign members, army 
and navy officials and others holding 
important positions in the nation’s capi- 
tal. There were also doctors and law- 
yers, architects and bankers, educators 
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and gentlemen of the press. Almost 
everybody in Washington, if he was a 
man of prominence, belonged to the Co- 
lumbian Institute. Aside from the resi- 
dent members, there was a galaxy of 
honorary members, including Jefferson, 
Madison, Lafayette, Baron Cuvier and 
President Monroe. Outside of Wash- 
ington, men prominent in science and 
learning were also invited to join. 

Congress early granted official recog- 
nition to the Columbian Institute. By 
an act passed April 20, 1818, the Insti- 
tute was legally incorporated, and given 
permission to hold its public meetings in 
the House of Representatives.2 The In- 
stitute had no home for six years, but 
finally in 1824, Congress granted it per- 
manent quarters in the Capitol—a large 
room under the library. In an act 
passed May 5, 1820, Congress further 
favored the Institute by granting it five 
acres of public land in the Mall, immedi- 
ately west of the Capitol. The land was 
used as a botanical garden. An addi- 
tional grant of land was voted May 26, 
1824.* 

The Columbian Institute got off to a 
good start. Its membership, as we have 
seen, consisted of many of the ablest men 
of the time. They were ambitious to 
serve their young, growing nation. In- 
corporated in the Institute’s constitution 
were such notable objectives as that of 
collecting, cultivating and distributing 
the products of this and other countries, 
in order to promote domestic arts and 
manufactures; to collect and discover 
the various mineral products of the 
country; to invite communication on 
agricultural subjects; to obtain a topo- 
graphical and statistical history of the 
different sections of the United States, 
their rivers, agricultural products, the 
climate and the arts and manufacture 

2 Annals, 15th Cong., lst Sess., 1777, Appen- 
dia 2594. 


8 Annals, 16th Cong., 1st Sess., 2585; and 18th 
Cong., lst Sess., 787. 
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best suited to each particular reg 
Finally, when the Institute had collected 
a sufficient amount of important data 
these various subjects, information t! 
would be of value to the public, it y 
to be printed. 
In addressing the Institute on Jan 

11, 1817, Dr. Edward Cutbush, its firs: 
president, struck a popular note when hy 
declared that there was scarcely an art 
science or manufacture which might not 
be benefited by this association. HH: 
congratulated the Institute on having s 
many members who were able and wil! 
ing to help in establishing botanical 
gardens, collect mineralogical cabinets 
build up a library of science, and make 
this organization assume high rank 





among the scientific associations of t! 
world. This country, he declared, af- 
forded unlimited opportunities for new | 
discoveries. He believed there wer 

sufficient number and variety of plants 
native to our soil, which if properly pr 

essed would make it unnecessary to im- 





port those now demanded by our physi 
cians and our dyers. Our minerals 
should be used for something more than 
to decorate cabinets. The mineral 

sources of this country ‘were waiting 
be exploited. Metals, clays and marbles 
useful to the artist and the manufac. | 
turer, and pigments waiting to be man 
ufactured from the ores, were lying 
untouched. 

Members of the Institute were asked 
to help in introducing and cultivating 
coffee, sugar, various dyeing drugs, the 
cochineal insect, the silkworm, the sun- 
flower, the white poppy and other plants 
‘‘Should we be enabled to introduce 4 
single grain, or one grass, which wil! 
afford a greater proportion of nutrition 
than those we now possess, millions may 
be produced to our country.’’ The files 
of the patent office, he declared, bore 
ample testimony to the genius which 
prevailed in all parts of our countr) 
‘*Where genius and talents are respected 
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SCIENCE AND 


and rewarded, the arts and sciences will 
flourish, and the wealth and power of 
nations increase.’”* 

The Institute’s main purpose was to 
put science to work. Applied science, 
not theoretical science, was the chief aim. 
Its plant collections consisted of living 
plants—plants that could be used in the 
interest of medicine or for food value. 
Its collections of minerals were studied 
with reference to their usefulness in the 
arts, industries and manufacturing. Re- 
ports on agricultural experiments were 
solicited so that they might be passed on 
to all farmers and live-stock growers. 
In brief, here was the nation’s first con- 
certed effort, on a large scale, to organize 
the scientific knowledge of America and 
utilize that knowledge in a practical way. 
The titles of the papers read at the dif- 
ferent meetings reflect this idea continu- 
ously. Papers relating to the culture of 
the silkworm, chemistry in agriculture, 
plant culture, improved ship-building, 
bellows for pumping foul air out of 
ships, the fixing of the first Meridian, 
the establishment of a system of weights 
and measures were read, and others of 
similar nature. 

John Quincy Adams, while President 
of the United States, found time to at- 
tend several meetings of the Columbian 
Institute. He noted in his Diary, De- 
cember 31, 1827, that he had that day 
attended the anniversary meeting, and 
was favorably impressed by Mr. South- 
ard’s address. ‘‘He (Mr. Southard) 
was about an hour in delivering it, and 
gave very general satisfaction. It was 
on the obligation of the government of 
the United States to patronize sciences. 
Southard argued the cause with great 
zeal and ability, urging it as a duty re- 
sulting from our situation among the 
nations of the earth, and recurring espe- 
cially to the expressed opinions of Wash- 

* Memoirs from Library of Congress; Papers 
of Columbian Institute; printed by Gales and 
Seaton; 1817; pages cited, 2-29. 
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ington, Jefferson, and Madison.’ Presi- 
dent Adams went on to say that he 
himself gave a toast at this anniversary 
dinner, ‘“‘To the Cause of Science,’’ 
which were the first words of Mr 
Southard’s address. 

It might be noted in passing that the 
Institute had no more loyal supporter at 
any time than President John Quincy 
Adams. Even after he was retired from 
the office of the president in 1828, he 
kept up his interest and with some regu- 
larity attended the meetings of the In- 
stitute. In his Diary, under date of 
January 16, 1830, he made extensive 
notes upon Edward Everett’s anniver- 
sary address, which was given on that 
occasion. Adams described it as a liter- 
ary, philosophical and scientific master- 
piece. It was, ‘‘a description of the most 
important modern inventions and dis- 
coveries, and of the manner in which 
they had been made, with several inter- 
esting anecdotes relating to discoveries 
and inventors.’’® 

Of all the papers read before the Co- 
lumbian Institute during the twenty-two 
years of its history (Rathbun reports a 
total of 177), the one by the distin- 
guished Edward Everett was the most 
significant. He gave this same address, 
with some modifications, on numerous 
occasions and before different groups in 
different sections of the country. It is 
worth noting a few of the main points 
found in that remarkable essay. Science 
and education, he declared, were as 
necessary to the artisan and the mechanic 
as to the philosophers. All useful arts 
should be carried to the highest point of 
attainable perfection. Many evils, he 
pointed out, had resulted to society, due 
to the lack of scientific knowledge. Some 
of these to be noted were: a lot of wasted 
effort in trying to convert the baser 
metals into gold; advanced scientific 
principles that prevailed in one section 

5 Adams Memoirs, VII, 393. 

6 Vol. VIII, 171. 
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were unknown elsewhere ; trades had be- 
come encompassed in ‘‘too much mys- 
tery’’ rather than science. Machinery 
of complicated parts could never be use- 
ful unless there were trained mechanics 
to operate them. Scientific knowledge 
is a necessary pre-requisite for those em- 
ployed in ‘‘making or using labor-saving 
machinery,—those who are to traverse 
the ocean, construct the canals, build 
steam engines, work our mines, conduct 
large agricultural experiments, or set up 
manufacturing establishments.’”’ 

Looking to the immediate future, Mr. 
Everett declared that the older parts of 
the country which had been settled by 
the husbandmen and reclaimed from the 
state of nature, were now to be settled 
again by the manufacturer, the engineer 
and the mechanic. These sections had 
once been settled by the hard labor of 
human hands—now they will be settled 
by the labor-saving arts, by machinery, 
by the steam engine, and by internal 
improvements. All this would bring 
about significant social effects. Work in 
the Old World which had taken two 
thousand years to accomplish could be 
effected here in two hundred years. In 
those countries of the-Old World, most 
of the prizes of life had been distributed 
by lottery of birth, whereas in America 
they were distributed on the basis of 
merit. An enlightened class of artisans, 
farmers and mechanics were the nation’s 
best guarantee of its permanency. The 
perpetuation of such a social triumph 
would be cause for self-congratulation 
far beyond anything based upon mere 
material or political growth. ‘‘ An intel- 
ligent class can scarce ever be vicious; 
never indolent.’”* 

Mr. Everett cautioned his listeners not 
to think that they were approaching the 
end of scientific experiments. On the con- 
trary, they were only in the beginning 
stages. Art and science are progressive 


7 Edward Everett, Speeches and Orations, 
1836, Ed., Vol. I, 249. 
8 Ibid., 267. 


—infinite in possibilities. ‘‘There is p 
end to truth, no bounds to its discovery 
and appreciation.’’ His colleagues, fe}. 
low members of the Columbian Institute 
were urged to join in this new undertak. 
ing of diffusing all useful knowledge 
among people everywhere. The elements 
of science should be imparted from 
kindred minds. The number of distin. 
guished and useful men who are 

benefit and adorn society are propor. 
tionate to the means and encouragement 
given to the useful inventions and dis- 
coveries. There had never been a time 
when greater improvements might be ex- 
pected, provided inventors and scien- 
tists were given proper encouragement 

This paper of Edward Everett’s is 
only one of several essays read before 
the various meetings of the Columbian 
Institute. But running throughout al! 
the published addresses, there is one re- 
curring note, namely, the time was at 
hand for putting science to work. This 
young nation would prosper only in pro- 
portion to the number of new and useful 
inventions. It was the duty of Congress 
to recognize this and give generous sup- 
port. 

But in spite of the efforts put forth by; 
this little group of earnest men the Co 
lumbian Institute was never able to ac- 
complish the things it set out to do 
They had hoped, as Edward Everett had 
said, ‘‘to arouse the government to be- 
come the patron of the arts and sci- 
ences.’’ And, although a few members 
persisted diligently in this aim, they 
never received much encouragement. 
Most of the members were too busy with 
other duties. Funds were not available 
for carrying on the work that needed to 
be done. The five dollars a year men- 
bership dues never amounted to more 
than $300 at any one time. Congress 
was never convinced of the need for 
such an organization. As the years 
passed, the Institute took on more and 
more the character of a learned society 
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rather than an organization whose chief 
aim was ‘‘to promote the arts and sci- 
ences.”’? Learned treatises were pre- 
sented, but few practical projects were 
undertaken. 

However, there were a few tangible re- 
sults that came from this first attempt 
to unite the forces of science and the 
federal government. A valuable mineral 
collection was assembled, catalogued and, 
to this day, reposes in the Museum of 
the Smithsonian Institution. A real be- 
ginning was made in botanical and horti- 
cultural work. Rare specimens of trees, 
shrubs and plants were collected from 
all parts of the country and used for 
experimental purposes. Also, the Insti- 
tute aided in the projects of the Ameri- 
can Pharmacopeia Society, and in the 
establishment of the United States Naval 
Observatory. Then, too, the Institute 
assisted in organizing and conducting 
the Southern Pacific Expedition, 1838 to 
1842. And finally, more than any other 
organization, it had kept alive an inter- 
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est in science throughout the decades of 
the 1820’s and 1830’s. By the time its 
charter expired in 1838, the new Na- 
tional Institute had been formed. The 
entire membership of the Columbian In- 
stitute was invited to join this embryo 
scientific group. This new organization 
in turn was soon to be succeeded by the 
Smithsonian Institution, now long dis- 
tinguished as one of the world’s most 
famous scientific societies. But due 
credit should be given to those who first 
pioneered in the field of applied science, 
and who launched this country into a 
study of its scientific and technological 
possibilities, rather than let it become 
a poor imitation of the literary and 
esthetic cultures of the Old World.°® 

®Selected references are found in Richard 
Rathbun’s Report, U. S. National Museum Bull. ; 
No. 101, 1917; G. Browne Good, Annual Report 
U. 8. National Museum, 1890-1891; Annals of 
Congress, Gales and Seaton; 14th Congress to 
the 22nd Cong.; John Quincy Adams’ Memoirs ; 
Edward Everett’s Speeches and Orations, Vol. 
I; and files of National Intelligencer. 


THE MEANING OF MORALE 


IF it is to survive and at the same time be true 
to its own genius, democracy must reconcile en- 
thusiasm with enlightenment, tolerance with 
conviction, strength with gentleness and unity 
with diversity. This problem of reconciliation 
is not artificial or gratuitous. It lies in the line 
of all genuine moral effort: to solve this prob- 
lem is, in fact, morality itself. And there is a 
solution, hard though it be: to love the truth so 
much that one is hospitable to all its sources and 
channels, and respects the honest conviction of 
others; while at the same time loving humanity 
so much that one hates only inhumanity, and 
enjoys the equalities, the differences and even 
the rivalries which will spring from a wide sow- 
ing of the seeds of freedom. Men may be di- 
verse in the lives they lead, and at the same time 
unified by a common love of their aggregate 
diversity. ... 

There is only one firm foundation for morale 
in a democracy, and that is to be, and not merely 


to feel, democratic; to enact and not merely to 
talk democracy. To be a democracy, and we 
may as well be honest about it, implies a con 
tinuous redistribution of power and privilege 
in the direction of a greater participation by 
the masses of the people. It also implies that 
the people, enjoying a greater power and privi 
lege, shall cease to be masses. In the present 
crisis the democracies represent not only this 
creed, which is peculiarly their own, but the 
whole Christian, humanistic and cultural tradi 
tion of the Western World. If the crisis is to 
be met with a high morale, Americans must learn 
to consider themselves the united servants of 
these great causes. But if they are to sustain 
this conviction they must experience democracy, 
Christianity and humanity as realities. The 
more grave the crisis the greater the necessity 
of being, of continuing to be and of becoming 
that which one professes to be.—Ralph Barton 
Perry, The Educational Record, July, 1941. 
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SCIENCE AND HUMAN VALUES 


By Dr. HOWARD E. JENSEN 
PROFESSOR OF SOCIOLOGY, DUKE UNIVERSITY 


HuMAN civilization is the cumulative 
product of man’s age-old faith that the 
universe he inhabits is intelligible and 
rational. It embodies principles of unity 
and order that his mind can comprehend 
and his will can employ in adding to the 
comfort of his body and the delight of 
his soul. All the material and spiritual 
achievements of humanity bear testimony 
to the validity of this confidence. Wher- 
ever it fades, the human mind lapses into 
lethargy and the will into impotence. 
Civilizations collapse when it perishes, 
and are reborn when it revives. 

But this faith was itself a slow and 
hard-won achievement. For the gift of 
intelligence did not come to man like the 
latest mechanical gadget, accompanied 
by detailed instructions for its use. For 
untold centuries he looked out upon the 
universe in awed wonder, with no method 
of exploring its nature but his groping 
curiosity. His conception of his world 
was consequently vague and confused, 
and his control over it wavering and 
uncertain. With no effective intellectual 
method of winnowing the true from the 
false, he made many mistakes, and his 
knowledge consisted of a few grains of 
fact buried amidst vast accumulations of 
error. Myths, legends, magical formulae, 
empirical rules of thumb, these were his 
only intellectual store. Yet for hundreds 
of thousands of years they sufficed for 
the development of the rudimentary eco- 
nomic techniques of hunting, fishing, 
herding, agriculture and industry, to- 
gether with social and political organiza- 
tion, and even morality, religion and the 
fine arts. Only four or five thousand 
years ago, in ancient Egypt and Baby- 
lonia, did there appear the first intima- 
tions of those methods of critical thought 


9 
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and investigation through which man 
was able at last to attain his vast intel- 
lectual achievements in philosophy and 
science. And therewith he acquired an 
increasing confidence in himself, and a 
growing faith that the world of nature 
constitutes, in part if not in whole, an 
intelligible order which his mind can 
comprehend and his will can command 

But for centuries after these first be- 
ginnings, man’s methods of inquiry into 
the world about him were crude and 
bunglesome. Not until three hundred 
years ago can his most effective intel- 
lectual tools for investigating physical 
nature, the scientific method, be said to 
have been definitely constituted, and only 
since the dawn of the nineteenth century 
can they be said to have been intensively 
developed and employed. 

Indeed, for a millenium and a half, 
from the collapse of the classical civiliza- 
tion of Greece until the dawn of the 
Italian Renaissance, the western world 
merely marked time in so far as the 
further development of scientific method 
was concerned. Men of the Middle Ages, 
however intellectually active they may 
have been in the fields of philosophy and 
theology, paid little attention to the 
scientific phase of the Greek tradition, 
and made no significant positive contri- 
bution to it. But the intellectual up- 
heavals of the Renaissance and the tech- 
nical problems created by the rise of 
capitalism and nationalism joined theory 
to practice, and wedded observation and 
experiment with imagination and reason 
into that harmonious union which pro- 
vided the scientific movement with a new 
dynamic. 

Into this new movement Francis 
Bacon threw himself with such vigor and 
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enthusiasm that he has often been called 
the father of inductive science. He was, 
however, rather its chief apostle, its lead- 
ing interpreter and propagandist. The 
proper method of science, he said, is the 
wise interrogation of nature, and this 
consists in formulating problems so that 
they may be answered by a simple yes 
or no, and in devising experiments to 
produce the facts that constitute the 
answer. But for several generations the 
new method succeeded in imposing its 
program on astronomy and physics alone. 
Not until the close of the eighteenth cen- 
tury was it applied to chemistry, and not 
until the beginning of the nineteenth to 
biology. Finally, under the inspiration 
chiefly of John Stuart Mill in England 
and Auguste Comte in France, the idea 
became widespread that the methods 
which had won such notable successes in 
the study of the physical world might be 
applied to man and his institutions, to 
give him a control over human relations 
comparable to that already won over the 
physical and the physiological. The psy- 
chologist began to move out of the library 
f the philosopher into the laboratory of 
the scientist, and the economist, political 
scientist and lastly, the sociologist moved 
out of the study where they had previ- 
ously sought to explain social conditions, 
and entered the world of practical affairs 
which they now sought to investigate and 
describe as first hand observers. 

The scientific movement was accom- 
panied by the greatest outburst of buoy- 
ancy and optimism that the human spirit 
had ever known. Bacon had insisted 
that the purpose of the new knowledge 
was exclusively to mitigate the sufferings 
and increase the happiness of mankind. 
And for nearly three centuries the tri- 
umphs of western civilization in mechan- 
ical invention, in medical improvement, 
in economic, political and social organiza- 
tion, seemed to prove him right. Popu- 
lations inereased, cities grew, wealth 
accumulated, death rates fell, the span 
of life lengthened, standards of living 


rose, museums and art galleries were 
founded, schools and universities flour- 
ished. Forecasting the course of the 
future from the time of the French Revo- 
lution, Condorcet declared that ‘‘from 
the observation of the progress which the 
sciences and civilization have hitherto 
made ... we shall find the strongest 
reasons to believe . . . that nature has 
fixed no limit to our hopes.’’ Only the 
destruction of the earth itself can put an 
end to the infinite perfectibility of man 
and his institutions. And throughout 
the century following, publicists and men 
of affairs, with now and then a rare 
exception, united in this hymn to prog- 
ress. Herbert Spencer wrote :* 


Progress therefore is not an accident, but a 
necessity. . . . The modifications mankind have 
undergone, and are still undergoing, result from 
a law underlying the whole organic creation. . . . 
As surely as the tree becomes bulky when it 
stands alone, and slender if one of a group; . . . 
so surely must the human faculties be molded 
into completeness for the social state; so surely 
must evil and immorality disappear; so surely 
must man become perfect. 


In 1898 Alfred Russell Wallace de- 
scribed the hundred years just drawing 
to a close as ‘‘The Wonderful Century’’ 
and in 1919, F. S. Marvin referred to the 
period between the Napoleonic era and 
the close of the World War as ‘‘The Cen- 
tury of Hope.’’ Even as late as 1920, 
Paul Haworth brought his study of the 
United States since the Civil War to a 
close with a chapter entitled ‘‘A Golden 
Age in History,’’ while only twelve years 
ago, Herbert Hoover, in his campaign for 
the presidency, expressed his conviction 
that we are on our way to abolish poverty 
from the land, and to place two cars in 
every garage and two chickens in every 
pot. 

Although it has lonz been apparent to 
thoughtful minds that science contains 


1 Outlines of an Historical View of the Prog- 
ress of the Human *ind,’’ p. 319, London: J. 
Johnson, 1795. 

2‘*Social Statics,’ p. 80. New York: D. 
Appleton and Company, 1865. 


‘Trt. sais. 





‘ 

e. 
a 
fe 
A, 


SPST TE teres eed 


=~ 


260 THE SCIENTIFIC MONTHLY 


little promise of fulfilling the hopes it 
had raised, it is only within the last dec- 
ade that the common man has come fully 
to realize the extent to which his hopes 
have been betrayed. For the ultimate 
problems of our civilization are social and 
noral, and science, while it has placed 
new and powerful instruments in the 
hands of men, has done nothing to clarify 
the moral and social purposes which 
these instruments are to serve. Conse- 
quently the instruments, which in the 
hands of men of social intelligence and 


| good will might have realized our hopes, 


are now being employed by the strongest 


| and most ruthless to destroy them. 


The betrayal of man’s higher spiritual 
values by the machines he has himself 
created is nowhere more poignantly por- 
trayed than in the motto of the British 
Broadcasting Company, ‘‘Nation shall 
speak peace to nation,’’ promulgated in 
a world in which the radio has become 
man’s most efficient instrument of speak- 
ing lies and war. It was the radio that 
laid down the barrage of propaganda 
that prepared the way for the ruthless 
aggression practiced upon China, Ethi- 
opia, Spain, Albania, Austria, Czecho- 
Slovakia, Poland, Lithuania, Latvia, 
Estonia, Finland, Denmark, Norway, 
Luxembourg, Belgium and Holland. 
These sixteen peoples, nearly one fourth 
of all the independent nations of the 
world, have, within less than half a dec- 
ade, passed under the yokes of conquer- 
ors made diabolically efficient by contri- 
butions of physics and chemistry to the 
arts of destruction. In the economic field 
science has enormously increased our 
eapacity to produce, but it has also made 
our opportunity to consume more inse- 
eure. It has concentrated wealth and 
economic power into the hands of a few, 
driven a wedge between the farmer and 
his land, the craftsman and his tools, and 
made both dependent, not upon their own] 
industry and thrift, but upon the vaga; 
ries of the market and the price systenr. 
Viewing the results in these two fields 


alone, economics and international poli. 
tics, what hope remains that applied 
science will promote the higher values of 
man’s spirit? 

To this indictment the scientist has tw, 
replies: first, that if the findings of 
science are bent to such nefarious ends 
the responsibility does not rest upon the 
scientist, but upon the practical men of 
affairs, the statesmen, the politicians, the 
captains of industry and finance. But 
this is only to plead guilty to the charge 
of Launcelot Hogben. ‘‘The education 
of the scientist and technician,’’ he says 
‘‘leaves them indifferent to the social 
consequences of their own activities.”’ 
We may justly paraphrase a question 
raised by Charles and Mary Beard in 
another connection, Are they to regard 
themselves as the members of a privi- 
leged gild, entitled to go their own way 
without reference to the fate of society * 
Rare indeed among scientists is the social 
conscience of the Swedish chemist, Alfred 
Nobel, who shrank back in horror from 
the uses of human destruction to which 
his production of dynamite had been put, 
and who devoted a considerable part of 
his life and fortune to the promotion of 
international peace, that the product o! 
his genius might not continue to wreak 
havoc with mankind. Equally rare 
Among inventors is the social conscience 
of the Rust brothers, of Memphis, Ten- 
messee, who have refused to sell their 
/mechanical cotton picker, but only 


( license it for use, in order that its com- 


‘mercialization may not bring idleness 
and starvation to millions of farm labor- 
ers of the South, and who plan to use 
itheir profits to create a fund to relocate 
in industry the workers whom their 
invention may displace. 

The second reply of the scientist to the 
indictment that science has been destruc- 
tive of the higher human values is that 
science as such is morally neutral. It has 


8‘*The Retreat from Reason,’’ p. 3. Lon 
don: Watts and Company, 1936. 

4‘* America in Midpassage,’’ Vol. II, p. 869 
New York: The Macmillan Company, 1939. 





pr )} |- 
lied 
4s of 


two 
; of 
nds 
the 
n of 
the 
But 
irge 
tion 
avs, 
Cia) 
7 
tion 

in 
ard 
ivi- 
way 
vt 
cial 
red 
‘om 
ich 
ut, 

of 


of 


SCIENCE AND HUMAN VALUES 261 


no concern with value. It is interested 
in quantities, not qualities. It studies 
only what is, not what ought to be. It 
ean tell us only what is true, not what 
is right or good or wise or beautiful or 
holy. For knowledge of these things we 
should turn, not to the scientist, but to 
the philosopher. 

Even the social scientists have of re- 
cent years made common cause with the 
natural scientists in washing their hands 
of all concern with human values. The 
economist, the political scientist, the 
sociologist, we are told, must study a 
social situation as the astronomer studies 
a nebula or the biologist an organism, to 
describe what exists, and to predict, if 
he ean, what must exist to-morrow, but 
that is all. He may study suicide, di- 
voree, crime, poverty, unemployment, 
strikes, lynchings, war, but whether 
these things are good or bad he does not 
know. Any interest in their ethical im- 
plications, or any concern about human 
welfare, is scientifically taboo. He is a 
social technician solely. He can teach us 
efficiency in attaining our ends, but not 
wisdom in choosing them. He tries to 
learn, for example, how depressions are 
caused and how they may be prevented, 
but whether we should have bigger and 
better depressions or smaller and fewer, 
is a question of social ethics or social wel- 
fare, and he does not know. Lest this 
appear to be caricature, let us note a 
recent statement of a former president 
of the American So¢iological Society : 


That there has been any recent, catastrophic 
breakdown in the social order is not immediately 
evident. There has been, to be sure, a marked 
increase in unemployment and economic distress: 
the percentage of the population that is unable 
to secure unassisted the minimum means neces- 
sary to continued existence is large and increas- 
ing. But this does not in any real sense repre- 
sent a breakdown in the system; on the contrary 
it may equally well be taken as representing the 
culmination and flowering of the traditional 
social and economic order.’ 


5 Quoted from Social Forces, 13: 203, Decem- 
ber, 1934. 


Under the pressure of this trend in 
sociology at least, if not also in econom- 
ics, political science and history, it is as 
much as a young man’s academic future 
is worth to show an interest in the ethical 
or welfare aspects of social problems, and 
many an intelligent young graduate stu- 
dent is frightened away from research 
upon problems of the most pressing hu- 
man concern for fear of the effect upon 
his future prospects of appointment and 
promotion. 

We might for the present accept this 
defense of the scientist, that science is 
concerned with what is, not with what 
ought to be, and that for knowledge of 
human values we must turn not to him, 
but to the philosopher, if the scientist 
were in fact such a humble person as this 
answer implies. For it reduces the scien- 
tist to the role of a mere servant of the 
philosopher, providing the means where- 
by we can realize the human values 
which the philosopher validates and 
clarifies. But the scientist is rarely so 
self-effacing. He is usually quite con- 
vinced that scientific knowledge is alone 
entitled to respect, and, emerging from 
his laboratory, he thrusts aside the work 
of the philosophers as worthless, and pro- 
ceeds to formulate a view of human life 
and destiny in harmony with his own 
professional bias. Thus, R. K. Duncan, 
a former professor of industrial chemis- 
try in the University of Kansas, has 
written : 

We believe—we must believe, in this day— 
that everything in God’s universe of worlds and 
stars is made of atoms, in quantities x, y or z 
respectively. Men and women, mice and ele- 
phants, the red belts of Jupiter and the rings 
of Saturn are one and all but ever shifting, ever 
varying swarms of atoms. Every mechanical 
work of earth, air and water, every criminal act, 
every human deed of love and valor: what is it 
all, pray, but the relation of one swarm of atoms 
to another?... 

Now, whether we call the atoms God’s little 
servants or the devil’s agents, one thing is sure 
—that every action of every thing, living or 
dead, within this bourne of time and space, is 
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the action of one swarm of atoms on another, 
for without them there is but empty void.é 


Here we have it clearly and baldly 
put: our human values, our acts of love 
and valor, our aspiration for goodness 
and beauty, are one with the belts of 
Jupiter and the rings of Saturn, atoms 
dancing in an empty void! 

In such a world, man’s belief that his 
choices are in any sense real, that he can 
engage in creative activity of any kind 
or contribute towards the realization of 
his ideals, that by taking thought and 
expending effort he can in any signifi- 
cant way modify the course of events, 


develop his personality or conserve and—» 


enhance the world of values—all these 
are vain illusions. As Dr. John H. 
Bradley has expressed it: 


The desire to get somewhere is deeply rooted 
in the human heart. Man wants ends for his 
struggles, hopes and fears, where he fancies he 
will find peace. But nature has an entirely dif- 
ferent point of view. ... She has imposed a 
cyclic pattern upon the universe, whereunder all 
things are charged to go on for ever, but never 
to arrive.? 


In such a world man should never 
*‘waste time looking for a purpose where 
probably there is none;’’ but ‘“‘let it 
pass.’’® 

Thus the scientific movement, begin- 
ning with the assertion that it has no 
concern with human values, often ends 
by heaping contempt upon philosophy, 
which has. For the natural scientist, 
working in his laboratory with the basic 
conceptions of matter and mechanism 
and quantity, is all too prone to think 
of the entire universe outside the labora- 
tory in these terms, and to assert, as do 
the writers already quoted, that all 
reality is material reality, that all causa- 
tion is mechanistic causation and that all 

6 Quoted from Max C. Otto, ‘‘Things and 
Ideals,’’ p. 182 f. New York: Henry Holt and 
Company, 1924. 

7 SCIENTIFIC MONTHLY, 30: 457, May, 1930. 


8 ©. C. Furnas, ScienTIFIC MONTHLY, 31: 50, 
July, 1930. 


knowledge is quantitative knowledge 
And, since the human values, trut} 
beauty, goodness, holiness, can not by 
weighed or measured, it follows that y 
ean have no valid knowledge about the 
and that they can be nothing more t! 
illusions born of our desires. As Joseph 
Wood Krutch has expressed it, either th, 
light of science is somehow deceptive, oy 
all the things we cherish are unsubstan-. 
tial, all the values we pursue and al! the 
principles we cling to are but shadows 
and the universe, emotionally and spiri- 
tually, is a vast emptiness.® 

This shattering of confidence in s; 
tual values is the most damaging blow 
that science could strike mankind. [; 
has centered attention upon the tang’! 
and the ponderable, exalted material 
possessions as the measure of human 
worth, and substituted comfort, excite. 
ment and entertainment for truth, good- 
ness and beauty, as the supreme values 
of life. This concern of modern man 
with material things has left a void in 
his soul, and, shut up between the dark 
ness of the birth from which he came 
and the darkness of the grave to which 
he goes, he can only fill the void with an 
increasing volume of material possessions 
and an increasing intensity of sensuous 
satisfactions. It has made of life a sys- 
tem of tensions, a continuous succession 
of strains which is never followed by 
relaxation. 

But these facts, disconcerting as they 
are, provide no basis for a fundamental- 
ist tirade against science as such. The 
structure of modern science stands as 
the greatest achievement of man’s intel- 
ligence; the technological inventions 
which it has made possible remain as the 
greatest accomplishment of his hands 
But a science which assumes that its 
basic concepts of materialism and mechia- 
nism and quantity exhaust the possibill- 
ties of dependable knowledge has ceased 
to be science, and degenerated into a 

9 Atlantic Monthly, 149: 162-72, February, 
1927, and 151: 372, March, 1928. 
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dogma which has betrayed civilization. 
For if we can discover no dependable 
knowledge of the good life which the in- 
telligence must recognize as valid and the 
will as obligatory, our civilization can 
not survive the forces which science has 
let loose within it. For unless the prin- 
ciples of moral and social obligation can 
be recognized as binding upon the im- 
pulses of every individual and the inter- 
ests of every group because they are 
rationally valid, there remains no way of 
settling the conflicts that rage between 
individuals, economic classes, political 
parties, religious sects, nations and races, 
but by the appeal to force and violence. 
‘Let them fight it out,’’ say those who 
have lost their faith in the capacity of 
intelligence to discover rational princi- 
ples of social order. But they have not 
been able to fight it out in ten thousand 
generations, though they have destroyed 
innumerable civilizations in the attempt. 
And they can not fight it out in ten 
thousand generations to come, though 
still more civilizations perish. For 
though a nation can by force set its house 
in order, it can not by force establish 
order within its house. And though a 
nation can by war force another nation 
into submission, it can not by war force 
another nation into harmony with itself. 
Order and harmony come by agreements 
mediated by reason, not by treaties im- 
posed by arms. When interests are 
repressed by force, they remain as occa- 
sions for new conflict ; only when they are 
adjudicated by reason are they set per- 
manently at rest. 

But never in the history of Western 
civilization has confidence in a moral 
order based upon reason been weaker ; 
never have moral principles been more 
cynically flouted, never have fraud and 
falsehood been more brazenly flaunted, 
never has force been more ruthlessly 
wielded. Never could less reliance be 
placed in the solemn treaties of nations 
or the pledged word of statesmen. For 
what can we expect of a civilization 


ace 
ado 


nourished intellectually on the bouillion 
cubes of science without the vitamins of 
value but that it should suffer from moral 
rickets ? 

One may, of course, be reminded of 
Malachi’s despairing cry, ringing down 
twenty-five centuries of time from an- 
cient Judea, ‘‘Why do we deal treacher- 
ously every man against his brother, 
profaning the covenant of our fathers?”’ 
He may be reminded, moreover, of Aris- 
totle’s cynical advice to the tyrant in the 
Fifth Book of his ‘‘Polities,’’ of the 
political immoralism of Machiavelli’s 
‘*Prince’’ or of Thomas Hobbes’ 
servation that man is unto man a wolf, 
and that his natural state is a war of 
each against all. The answer to this is 
fourfold. 

First, these are the laments of prophets 
and the observations of scholars, not the 
Not until 


ob- 


confessed policy of statesmen. 


the rise of the contemporary dictators 
have the responsible heads of states while 


still in power publicly acknowledged 
their use of fraud and violence as regu- 
lar instruments of political policy, as 
Mussolini, and especially Hitler, have 
done in their official publications. 

Second, the areas of social life still 
under the sway of the ordinary human 
decencies have been so wide that hereto- 
fore the dictator has been compelled by 
public opinion at home and abroad 
strictly to follow Machiavelli’s advice to 
his Prince that, though he need be neither 
honest nor generous nor just, he must 
always appear to be so. 

Third, while it is true that deception 
and violence have always stood in the 
background of human affairs, they have 
most of the time remained there, to be 
brought into action only in moments of 
extraordinary crisis, but the modern dic- 
tators have made the crisis perpetual. 
Bismarck considered war the extension 
of diplomacy, but it has taken a Hitler 
to make diplomacy an extension of war. 

Fourth, although deceit and cunning 
and violence have never been absent from 
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history, not until they became armed 
with the resources of modern science and 
technology could they on a scale so ruth- 
less and colossal destroy all the human 
values which decent men prize. It is 
high time for all who call themselves 
scientists, whether physical or social, to 
make common cause with philosophy and 
the humanities in the defense of human 
values, and in the competence of scholar- 
ship and research to find a rational basis 
for them in human experience which all 
men must accept. For let there be no 
mistake about it, in the midst of the pas- 
sionate social conflicts that rage about us, 
if scholarship and research are unable or 
unwilling to determine the ends of eco- 
nomics and politics by reason, economics 
and politics will determine the ends of 
scholarship and research by force. 
Dictatorship is the legitimate fruit of 
our loss of faith in reason to discover 
dependable knowledge of human values. 
For if there are no universal principles 
of moral obligation which the minds of 
all men must recognize and the will of 
all men obey, one man’s opinion of what 
is good and bad, right and just, is as valid 
as another’s, and the only guides to hu- 
man conduct that remain are the biolog- 
ical impulses of individuals and the 
vested interests of groups. But such an 
unrestrained conflict of impulses and in- 
terests must reduce the individual life to 
madness and the social life to chaos. So 
in the theory and program of nationalism 
the interests of the state have been made 
supreme over all other interests in con- 
flict. When the interests of individuals 
and groups clash it is recognized that all 
lesser interests must yield to the common 
good. It is recognized that there can be 
stability and harmony within the state 
only in the proportion that principles of 
equity and justice are available to serve 
as a basis on which the conflict can be 
resolved, not by might, but by agreement. 
But nationalism recognizes no such gen- 
eral principles of the rational good, bind- 
ing upon it in a conflict within the family 


of nations. Here the nation becomes the 
final judge of its own interests; it is 
der no obligation to consider the conse. 
quences of its policies upon other nations 
and as a last resort, there is no other a). 
ternative than the appeal to war. In 
that event, the highest moral obligation 
of the citizen is to die for his country. 
right or wrong. 

But the dictator sees no grounds for 
applying one set of principles to conflicts 
between nations, and another to conflicts 
within them. If self-interest is supreme, 
and reason is degraded to serve the ends 
of expediency in the one case, it js 
equally so in the other. Neither within 
the nation nor without can the reason 
discover principles which the will is 
bound to respect. Consequently, the hu- 
man values, truth, goodness, beauty, holi- 
ness, justice, honor, right, are what 
the self-interest of the dictatorship pro- 
nounces them to be. The minister in his 
pulpit, the editor at his desk, the teacher 
in his classroom, the philosopher in his 
study, the scientist in his laboratory, al! 
alike must prove and proclaim whateve 
the dictatorship requires; they must dis- 
prove and denounce whatever the dic- 
tatorship commands. As the Nazi court 
have recently decreed, if an official com- 
mits a punishable act out of religious or 
other social motives, ‘‘these motives wil! 
be regarded not as attenuating circum- 
stances, but as proof that he is involved 
in relationships which he values more 
highly than those which connect him with 
his superiors and with the state.’”° 

The tragedy is that the greatest single 
intellectual influence in establishing this 
rule of unreason has been the dogma of 
natural science, that the only rationally 
valid knowledge is knowledge of things 
in their material and quantitative rela- 
tionships and that all alleged knowledge 
of human values is mere opinion, born of 
self-interest and desire. If science is to 
realize its earlier promise, and to con- 


a | 


s 


10 Information Service, p.3. New York, April 
20, 1940. 
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tribute to the enrichment of human ex- 
perience and the mitigation of its ills, it 
must abandon this dogma and lend its 
influence to the re-establishment of con- 
fidence in the competence of the human 
mind to discover rational and intelligible 
principles of unity and order, not only 
in the realm of physical nature, but also 
in the realm of the human spirit. 

The knowledge most desperately needed 
is knowledge concerning the principles of 
social organization and the ends of so- 
cial action. No social science is adequate 
to this task that is descriptive only, that 
confines itself to exploring what is and 
predicting what will be. For human 
nature and human society are vastly 
richer and more complex in their poten- 
tialities than in their accomplishments. 
An adequate social science will of course 
begin with a careful collection of facts 
about how men carry on their common 
life together as families and communi- 


ties, as economic classes and political 
parties and religious sects, as nations and 
races, but it will not stop there. It 
will pass on from this concrete knowledge 
of social actualities to the considera- 


tion of social possibilities. It will en- 
deavor to work out all the logical possi- 
bilities of human association that rigorous 
analysis can disclose. It will formulate 
logically, in advance of the facts, the 
meaning and value which social life 
might contain if it were rationally or 
dered. If science is to contribute to 
human welfare, it must consider logical 
knowledge of the possibilities of social 
life as of equal importance with factual 
knowledge of its nature. For unless 
social policies are based upon fact they 
will not work; and unless they are 
grounded in logical principle they will 
not endure. A science which is adequate 
to our needs therefore will explore, both 
factually and logically, with a view to 
discovering both the actualities and pos- 
sibilities of human existence, the five 
great fields of social relationships where 
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civilized man now stands frustrated and 
defeated. 

It will explore, first, the relations of 
men to one another as persons, in the 
family, the community and other face-to- 
face groups, where the extent of their 
frustration and defeat is measured by 
the statistics of suicide, mental and ner- 
vous collapse, divorce, delinquency, crim- 
inality and general personal maladjust- 
ment. 

It will explore, second, the relations of 
men to one another as producers, or the 
problems of economics, where the extent 
of their frustration and defeat is mea- 
sured by the statistics of unemployment, 
poverty, bankruptcy, business failure and 
recurrent depressions. 

It will explore, third, the relations of 
men to one another as citizens, or the 
problems of politics, where their frustra- 
tion and defeat is measured in terms of 
political corruption, machine domination 
and the general failure of our democracy 
heretofore positively to promote the com- 
mon welfare which the Constitution of 
the United States places high among 
the primary purposes of government as 
stated in its Preamble, instead of giving 
its chief attention to the incidental and 
secondary rights of property which in 
the Constitution itself are tucked away 
in the due process clause of the Four- 
teenth Amendment as a sort of after- 
thought. 

It will explore, fourth, the relations of 
men to one another as organized states, 
where their frustration and defeat stand 
disclosed in international anarchy, in the 
dread that stalks the lands, the horror 
that rains from the sky, the terror that 
lurks in the sea and the fear that rides 
the ether. 

It will explore, fifth, the relations of 
men to one another as biological varieties, 
or the problems of race, where the mea 
sure of their frustration and defeat is 
revealed in the obscenities and cruelties 
of race prejudice, in riots, lynchings, 
pogroms and concentration camps. 
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It is a grim task, but beyond it there 
lies a great hope, the hope that by means 
of a social science that has become intelli- 
gent enough to extend its scope from so- 
cial facts to social values, from a con- 
sideration of what is, to what might be 
and ought to be, we may formulate a 
rationally valid conception of the gen- 
eral social welfare, and develop a social 
organization adequate to mediate between 
the conflicting interests of human groups. 

This is an old hope. Ever since the 
Greek philosophers began to reflect about 
man’s life and destiny, it has been the 
unwavering conviction of the clearest in- 
tellects and the choicest spirits that the 
human mind is a competent instrument 
in clarifying the ends of our existence, 
and the human will is an active agent in 
attaining them. If this hope be false, no 
civilization can endure, and there re- 
mains nothing out of the wrecks of time 
for which decent men should care to live. 

But there is no reason to believe that 
the hope is false. It is often said that 
man is not a reasonable creature, but it 
may be remarked that if this is really so, 
only by reason can the fact be known. 
And reasoners who employ reason to 
prove the incompetence of reason are in- 
teresting objects of study. As Irwin 
Edman has said, ‘‘Reason may indeed 
become a fetish, but so may distrust of 
4° 

But that a major part of our behavior 
wells up out of biological impulses or 
socially acquired interests of which we 
are unconscious or only dimly aware, 
constitutes a quite different problem. 
Here the daily experience of every civil- 
ized man bears witness to the competence 
of intelligence to produce harmony and 
order out of the clash of impulse and 
desire. Every day we bring the ends 
which we impulsively desire under the 
control of larger ends which we ration- 

11 ‘* Four Ways of Philosophy.’’ New York: 
Henry Holt and Company, 1937. 


ally recognize as desirable. Every da, 
in the common decencies of life w: 
just the claims of our personal and er; 
interests to the interests of other persons 
and groups freely and gladly, because 
we rationally recognize the allegiance y 
owe as human beings to a life that js 
wider than our own. But as individuals 
and groups forge their way to econom 
and political power the rational cont; 
of intelligence weakens, the sensitive 
sympathy of the heart withers and ¢ 
ruthless energy of the will abounds 
From the destruction which this ruth. 
lessness is now wreaking in our contem- 
porary life, there can be no doubt but 
that the continuance of our civilization 
depends upon our ability to make this 
conception of the general social welfare 
as the only rational good so clear and 
convincing to man’s intellect that in 
these wider areas of life it will compel 
the allegiance of his will. 

Can we accomplish this result before 
our civilization is destroyed by the con- 
flicts that now rage within it? We can 
not tell. If the odds against it seem 
heavy, we must remember that it has 
always been so. Life has always been 
fraught with risk and adventure, and the 
future with uncertainty. But if our 
present efforts fail, it is not unlikely that 
the same human nature which has pressed 
on through the repeated failures of van- 
ished civilizations will persevere through 
future ages until it reaches whatever suc- 
cess its own capacities, the resources of 
physical nature and the limits of time 
will permit. For within the processes of 
social development, from the dawn of 
man until now, there has been operating 
the irresistible human impulse to be, t 
know and to do. 

Our thought, then, ends in neither 
complacent optimism nor enervating de- 
spair. The outcome is doubtful enough 
that none of us dares be laggard, but 
hopeful enough to challenge us to the 
task with zest and high courage. 
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SOME OBSCURE RELATIONS OF ORGANISM 
AND ENVIRONMENT 


By Dr. GARDNER MURPHY 


DEPARTMENT OF PSYCHOLOGY, COLLEGE OF THE CITY OF NEW YORK 


Ir has been suggested that I write ‘a 
‘“reply’’ to Professor Ely’s article ap- 
pearing in THE ScrentiFic MONTHLY 
for February, 1940. This seems to me 
inadvisable for two reasons. First, there 
is to-day a very extensive technical litera- 
ture of psychical research of which any 
brief summary for the purposes of discus- 
sion would be futile. Second, most of 
Professor Ely’s article actually consists 
of a useful account of pitfalls in the sub- 
ject, especially in the attempt to obtain 
results with platform performers. 

But, since what is needed is more and 
better experimental research, the famili- 
arity of scientists with some of the exist- 
ing work may aid in planning critical or 
more penetrating investigations which 
carry us beyond the points reached. My 
task then is to attempt a compact account 
of certain types of experimental research 
which have been undertaken in relation 
to the problem of extra-sensory percep- 
tion, hoping that the reader will look up 
the original sources and go further. My 
aim is simply to show that there is a prob- 
lem which requires full analysis. The 
solution of the problem will be achieved 
not by debate but by scientific research.* 

(1) In 1921, Dr. G. F. Heymans, re- 
nowned as an experimental psychologist 
at the University of Groningen in the 
Netherlands, undertook with two of his 
university colleagues, Drs. Brugmans 


1For the same reason I can not separate 
telepathy from clairvoyance merely because the 
philosophical difficulties seem to some writers 
greater in one case than in the other. Most of 
the good research has been done on the two to- 
gether or in comparison of the two under similar 
experimental conditions. It is not philosophical 
expectation, I think, but experimental unity of 
subject matter that determines what belongs to- 
gether in science. 


and Weinberg, an investigation of the 
ancient and annoying problem of telep- 
athy. Doubting the appeal to logic and 
metaphysics, the three men wanted to 
find out whether, under their own labora- 
tory controls, as strict as they could make 
them, such a thing as telepathy did occur. 
There was at hand a young student of 
dentistry, Mr. Van Dam, who had the 
habit of going into relaxed or passive or 
more or less trance-like states. Such 
states had often been said to be produc- 
tive of telepathic results. Why not try 
and see if this was the case? 

Accordingly they made available for 
an experiment two rooms of the univer- 
sity laboratory, one directly above the 
other. They cut a large hole down 
through the floor of the upper room and 
through the ceiling of the lower room, 
and inserted double plate glass, permit- 
ting an air cushion between the two 
rooms. For use in the lower room they 
constructed a black cage in which their 
subject could sit. Looking down through 
the glass, observers in the upper room 
could see no part of their subject’s body 
except the forearm and hand thrust 
through a horizontal slit in the cage at 
the level of the waist of the subject seated 
within. The subject was blindfolded. 
The question was whether, by thinking 
about it, the experimenters in the upper 
room could in any way influence the sub- 
ject’s choice as to certain numbers chosen 
by lot in the room above. 

On a table in front of the cage was a 
rectangular board, about 129 inches, 
marked off into 48 squares in an 8x6 
arrangement. The subject knew that in 
each experiment his task was to tap with 
his finger upon the board so as to indicate 


267 








; t? 


2 
> 


. 


cas 


» Sree. 20. ESI I 


268 THE SCIENTIFIC MONTHLY 


one of the 48 numbers. After every few 
trials, an experimenter came in to the 
lower room and slightly changed the posi- 
tion of the board on the table so as to 
break up position habits of the subject. 

All three of the aforementioned mem- 
bers of the psychology department acted 
as experimenters, but not all three at 
once. They worked one at a time. The 
task of the experimenter at any given 
session was as follows: First making sure 
that the blindfolded subject was in his 
eage and that his arm was extended 
through the horizontal slit and out- 
stretched toward the board, he was to 
draw cards by lot to determine for each 
experiment a number from 1 to 48 inclu- 
sive. He switched out the lights, went 
over to the glass partition, looked down 
through the hole at the subject’s arm, 
and willed that he should move a finger 
to the designated number. In view of the 
possible danger that an experiment 
would be prematurely terminated when 
the subject accidentally touched the right 
number, the rule had been established 
that the subject must tap twice at a given 
point when he had made his decision. 
From the charts and photographs sup- 
plied in the publications, it appears that 
the distance from the glass window to the 
hand was about four and one-half feet. 

The foregoing is the ‘‘two room”’ pro- 
cedure. In another procedure, used half 
the time, the blindfolded subject and 
board were as before, but the experi- 
menter entered the lower room and tried 
to will the movement of the finger while 
gazing at it at short range. 

A total of 187 experiments were per- 
formed. The routine statistical proce- 
dure gives us 1 chance in 48 of success 
by random guessing, so that by chance 4 
of the experiments should have been suc- 
cesses. Actually, 60 were successful. 
Those in the ‘‘two room’”’ procedure were 
better (34 successes in 80, as against 2 
expected) than those when the experi- 
menters entered the lower room. 

With reference to the magnitude of 


errors, the data are instructive. T) 
errors by 1-square displacement are ¢o) 
moner than those by 2-square displace. 
ment. These are commoner than thos 
by 3-squares, so that there is a tapering 
off of guesses as the magnitude increases 
—almost a normal curve of errors ar 
the correct hit as the central tenden, 

Most striking in this investigation ar 
two lines of attack upon the physiolog 
of the process. First, we said above tha: 
Mr. Van Dam had a tendency to go int 
relaxed states. The experimenters naty 
rally wished to make use of such a con 
dition in two ways, first to augment t), 
relaxed states to study the effect, and 
second, to measure as precisely as pos 
sible how deep the relaxation really 
The first purpose was accomplished by 
giving 30 grams of aleohol. Out of 29 
alcohol experiments, 22 were successes, 
interpreted as the action of alcoho! usu- 
ally is interpreted, in terms of “‘inhibi- 
tion of an inhibition,’’ reduction of ten- 
sions and the like. Second—and this was 
regarded as so important that it takes up 
almost the entire space on the long sec 
ond report published by the Dutch inves- 
tigators—the galvanometer was used to 
measure the electrical responses of the 
body. The galvanic skin reflex, or 
psycho-galvanic reflex, long known to 
experimental psychology, was put to use 
in a form characteristic of laboratory 
work and curves offered in the experi- 
mental report to substantiate the major 
generalization which runs as follows 
The periods of greatest physiological! pas- 
sivity, which were found best in the tele- 
pathic experiment, can be detected objec- 
tively. 

These investigations are published in 
the Proceedings of the First and Second 

2 Wishful behavior by which experimenter 
might count as hits those instances in which tl 
tap was on the line between two squares might 
spuriously add here and there to the total, but 
even if this occurred in every trial in a chance 
series so as to allow all squares adjoining tl 
right one to count as hits, the total would still be 
vastly below the reported total of hits. 
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International Congresses of Psychic Re- 
search held at Copenhagen and Warsaw 
respectively. They were read to these 
congresses by Dr. Brugmans. Subse- 
quent correspondence shows that Mr. 
Van Dam turned to other things, ‘‘lost 
interest,’’? and ‘‘lost his power,’’ ceased 
to score significantly, and that the inves- 
tigators, having nothing more to add and 
nothing to retract, decided to let the case 
stand as it was. So far as I can ascer- 
tain, nothing more on the subject by this 
method has been published by any one. 

(2) Believing that uniformity in the 
material to be used through various ex- 
periments is important for many reasons, 
especially for quantitative comparison 
of one long series with another, J. B. 
Rhine, of Duke University, initiated in 
1930 and to-day continues work with the 
five standard symbols, circle, rectangle, 
star, cross and waves. These may be 
printed on cards, shuffled, eut and con- 
cealed. When large masses of material 
are at hand, standard statistical proce- 
dures can be applied to the resulting dis- 
tributions of correspondences between 
the subject’s report (call series) and the 
actuality (‘‘target series’’) ; and control 
series can be obtained by independently 
shuffled and cut decks as well as by 
machine preparation of material. The 
eards are usually screened, often re- 
moved to a distance. Their order may be 
at the time unknown to any one, the stack 
of cards lying on a table or in a box; or 
the distant experimenter may gaze at 
each card as he comes to it, proceeding 
downwards through the deck. Different 
methods, different sizes of stimulus sym- 
bols, ete., and different subjects may be 
compared. 

One of the central problems was the 
effect of distance. Accordingly one of 
the regular subjects, Mr. Pearce, went 
over to a room in the Duke University 
Library while the experimenter, J. G. 
Pratt, established himself with a deck of 
the cards in the Physics Building 150 
yards away, in a room facing away 
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from the Library. He shuffled the 
ecards face down, then cut them and 
put them in a face-down stack on a 
book. Pearce proceeded to call the cards 
‘down through,’’ from top to bottom, 
series after series. His record, and 
Pratt’s record, were independently sub- 
mitted to Rhine, scored and photostated 
The hits, by runs of 25, are as follows: 
3, 8, 5, 9, 10; 12, 11; 12, 11, 13, 12. The 
expected number (by chance), is 5; a 
score of 12 or better should occur about 
once in 700 runs.* The odds against such 
a result of random sampling (chance) 
are in the billions. A second such series 
was run under the same conditions but 
with the experimenter and cards 250 
yards away in the Duke Medical Build- 
ing, and the scoring level was again such 
that an experimenter should not expect 
to see it in a lifetime. 

In all, four such long distance series 
with Pearce were done, as shown in Table 
I; each may be compared with the ‘‘same 
room’’ condition (Group E). 





TABLE I 
Group Conditions wanes of Average 

A Physics building 

and library . 300 9.9 
B Medical building 

and library . 1100 6.7 
Cc Physics building 

and library . 300 7.2 
D Physics building 

and library . 150 9.3 
E Same room .... 900 8.2 


A good deal has been written about the 
possibility of recording errors which 
might increase the number of hits. I 
went through the above in the photostats 
and found one error. It was the omission 
of a hit. 

(3) In 1935, Rhine was asked to lec- 
ture on his current investigations before 
a faculty and student group at Hunter 

3 J. B. Rhine, ‘‘Extra-Sensory Perception,’’ 
1934; cf. also, Jour. Parapsychology, 1: 74-76. 

4 There is a slight sigma correction which may 
at times be useful because of ‘‘linkage’’; it can 
under certain unusual conditions raise the sigma 
from 2.00 to 2.04; it can not appreciably affect 
high critical ratios. 
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College in New York. He gave a brief 
account of his methods and results. At 
the close of his report, a member of the 
faculty, Professor Bernard F. Riess, re- 
marked, in effect, ‘‘ Either you didn’t use 
the methods you described or you didn’t 
obtain the results which you report.”’ 
Rhine smiled and remarked, ‘‘In other 
words, I’m a liar.’”’ Riess replied, ‘‘I 
didn’t say that.’’ Rhine said, ‘‘ The only 
way in which you will reach any convic- 
tions regarding my own work will be 
through your own independent repetition 
of such experiments.’’ Riess took the 
challenge. A student in one of his classes 
reported that she had a friend in White 
Plains who could ‘‘do this sort of thing,’’ 
1.¢., get impressions of concealed mate- 
rial. Accordingly, after a very consider- 
able amount of trouble, arrangements 
were made for a long series of experi- 
ments to be done each evening at 9 
o’clock, the subject being at her home in 
White Plains, Dr. Riess at his home a 
quarter of a mile away, on the other side 
ofa hill. After shuffling a standard deck 
of 25 E.S.P. cards, Riess began at 9 
o’clock looking at the ecard which was on 
top, and, proceeding at the rate of one 
per minute. Turning over each card 
when ready for the next, he proceeded 
through a deck of 25, immediately fol- 
lowing with another 25 so as to give 50 
one-minute trials for the evening. From 
time to time the subject sent in reports of 
impressions recorded in this experiment. 
These were placed in Riess’s desk and 
nothing whatever was reported to the 
subject. At the end of 1850 trials, the 
subject had to terminate the series. 

The relation of theoretical to empirical 
distributions with E.S.P. cards under 
control conditions, e.g., matching one 
deck against another, is so close that it is 
sufficient to say that a score more than 
4-Sigma above mean chance expectation 
is exceedingly rare. I have, for example, 
never seen such a score in a large block 
of control data in the course of years of 
work on this problem. The actual dis- 


tribution of hits made by Riess’s subject 


is given in Table II. Since mean chance 
expectation is 5 and Sigma is 2, a score 


more than 4-Sigma up would be above 13. 
1.€., it would be 14 or better. The reade 
will see that the subject maintained a 


very much better score than this, hitting 


the 18’s, 19’s and 20’s with almost monot. 
onous frequency.° 


TABLE II 


Run Hits Run Hits Run Hits Run Hits 








1 5 21 21 41 16 61 18 
2 7 22 20 42 21 62 18 
3 10 2¢ 19 43 22 63 19 
4 12 24 20 44 17 64 18 
5 15 25 18 45 16 65 17 
6 8 26 14 46 18 66 18 
7 16 27 15 47 19 67 19 


20 24 40 19 #60 14 





Much has been written about the non- 
chance order of the ‘‘calls,’’ or guesses, 
made by a subject. This is a very perti- 
nent issue. Calls arise from a multitude 
of psychological factors in the organism, 
and are of course not a random series. 
The problem, however, is not the sta- 
tistics of the call series; it is whether the 
order in the series of calls agrees con- 
sistently and repeatedly with the order 
of shuffled and cut decks at a distance 
(the ‘‘target’’); the correspondence of 
the two is the very thing requiring inves- 
tigation. In this experiment the subject 
made use of the five symbols with 
approximately equal frequency. 

After a period of ill health the subject 
was persuaded to try another short series 
of 250 trials; she scored at the chance 
level. Merging the two series, while not 
according to ordinary scientific proce- 
dure since the conditions were different, 
would leave the chance problem unaf- 


5 The Riess reports appear in the Jour. of 
Parapsychology, 1937, I: 260 ff., 1939, III: 79 ff. 














fected. A single score of 22 or more 
would not be expected in continuous 
work through a century. 

There are two kinds of comments 
which I have often heard on the Riess 
experiment. One relates to the possibil- 
ity of recording errors. As far as I 
know, no one but Mr. Taves and myself 
has actually checked through Riess’s 
original call and target sheets. In the 
course of 1850 calls we found one error. 
The other question has to do with Dr. 
Riess’s veracity. This was the very ques- 
tion which was raised by Dr. Riess him- 
self with reference to Rhine’s report, and 
has for 50 years been repeatedly raised. 
I am aware that sooner or later the same 
will be said about me, because our own 
work has also given results which we can 
neither explain nor ‘‘explain away.’’ To 
prove any one’s veracity is to resort to 
further testimony which is also suspect, 
so that we are quickly involved in an 
infinite regressus. Science does not waste 
time on pseudo-legal problems of this 
sort; the discussion is sterile. If such 
experiments can in time be repeated with 
constantly’ improving procedures until 
ultimately every critic is satisfied and 
until the conditions governing the phe- 
nomena are clear, well and good. Till 
then, they may seem unused blocks, 
foreign bodies in the tissues of science, 
which can neither be used nor ejected. 
The future research will decide what 
they are. 

(4) Effort in recent years has been di- 
rected to developing a simple fool-proof 
procedure not requiring the use of long 
distance but excluding all possibility of 
sensory cues or rational inference as to 
probable card orders, and reducing acci- 
dental errors in recording to the lowest 
possible minimum. Though the question 
of fraud on the part of experimenters can 
never be settled with mathematical cer- 
tainty, the difficulty can be partially re- 
solved by arranging that at least two 
experimenters independently record the 
data, lock them up, and require a third 
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party to check them. This combination 
of experimental safeguards has recently 
been developed at Duke, and is exempli- 
fied in a report by J. G. Pratt and J. L. 
Woodruff in the December, 1939, issue of 
the Journal of Parapsychology. The 
subjects, tested one at a time, sat on one 
side of the experimental table separated 
from experimenter and cards by a ver- 
tical screen. Fastened to the back of the 
sereen, t.e., away from the subject, were 
five ‘‘key cards,’’ of the five denomina- 
tions already mentioned. At the end 
of the table away from the subject was 
the experimenter, who shuffled and cut a 
standard deck of 25 cards, holding them 
face down beneath another, inclined 
screen. It was then the task of the sub- 
ject to poke with a pointer at one or an- 
other of five positions beneath the edge 
of the vertical screen, thus instructing 
the experimenter where to place the card 
which at the moment was at the top of 
the deck. The subject was by this proce- 
dure to match the top card with the key 
eard which was fastened above the indi- 
eated position on the back of the screen; 
the performance was motor, not sensory. 
The correspondences, if shuffling is ade- 
quate, may be treated by the ordinary 
mathematics of the binomial, and if the 
shuffling is not ideal randomization, there 
should still be only chance relations be- 
tween call orders and ‘‘target’’ orders 
except in so far as a causal principle, a 
behavioral linkage of calls and stimuli, 
is present. The key cards were obtained 
afresh by further shuffling and cutting 
for each experiment, being supplied by 
another experimenter and not shown to 
the experimenter who handled the cards 
during the experiment. The hits were 
counted and recorded independently by 
the two experimenters after each run of 
25, the records being placed in a box for 
each experimenter and later checked by 
a third person. The number of discrep- 
ancies between the two experimenters in 
the course of 2400 runs of 25 each was 3; 
where the origin of an error was 
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unknown the lower of the two scores was 
used. 

Thirty-two subjects took part in the 
procedure just described, with results 
yielding 489 hits beyond expectation. 
The chi-square method gives a p value of 
.000078 (random sampling would yield as 
high a deviation seventy-eight times in 
the course of a million experiments). A 
eross-check or empirical control, compar- 
ing call orders against other target orders 
than the one actually aimed at gave a 
result within ordinary limits for random 
sampling. 

The main purposes of the experiment 
just described were to test the effects of 
size of stimuli and to test the effects of 
habituation to a given set of material. 
Within the limits set by four sizes vary- 
ing from yy inch to 2} inches, size made 
no significant difference. Habituation 
effects, however, were marked. Average 
hits on the first occasion on which a given 
size of material was used were 5.39 per 
run; for second and third runs slightly 
less; thereafter not significantly deviat- 
ing from the expected 5.00 (such habitua- 
tion effects are an old story, but not pre- 
viously so carefully examined). The 
point is stressed only because the ques- 
tion is often very reasonably asked: 
‘*Why go on repeating these studies un- 
less your experiment serves to disen- 
tangle the significant variables, working 
toward the ultimate laboratory control 
of the phenomenon?’’ It is just such 
control that most contemporary studies 
aim to achieve.*® 

Space has limited this paper to a con- 

6A question that is constantly asked is this, 
‘*Where else besides Duke have positive results 
been obtained?’’ I hesitate to answer it because 
giving a list of universities may convey to some 
readers the sense of an ‘‘argument from 
authority,’’ and this is out of place in science. 
Good work may be done in a bad university, bad 
work in a good university. Least of all should I 
want the reader to conclude that the individual 
university ‘‘vouches for’’ a result, any more 
than I should myself ‘‘vouch for’’ a result of 
any sort from any laboratory. 


sideration of four experiments. 


All the 
data of each such experiment have, how 


ever, been included. There are many 
more experiments to be found in the 
literature. But the issue is not a ques. 
tion of ‘‘piling up’’ data. It is a ques 
tion of determining by further and ever 
better work a system of functional rela 
tions between certain classes of objects 
and the perceptual and motor responses 
to them. As in other phases of science 
there is no place for gaping at mysteries 
or exorcising unexplained data. 

The reader who is interested to follow 
the subject might first consult the origi- 
nal sources cited here; then run through 
the Journal of Parapsychology since 
1937 ; then read J. L. Kennedy’s ‘‘ Meth- 
odological Review of Extra-Sensory Per- 
ception,’’’ then read the elaborate survey 
of experimental data and critical discus. 
sion in the recent volume by Rhine, 
Pratt, Stuart, Smith and Greenwood, 
**Extra-Sensory Perception After Sixty 
Years.”’ 

One word about names. The title of 
this article was chosen so as to be non- 
committal as to ultimate interpretations 
There are various names for these unex- 
plained types of data. Emphasizing the 
relations of organism to stimulus, one 
may use the term perception. Percep- 
tion is an ‘‘interpretation of a stimulus 
situation’’; the interpretation is ‘‘cor- 
rect’’ when there is a functional corre- 
spondence between socially accepted 
names for objects and the names given b) 
the observer. When the receptor proc- 
esses of the organism bear no known rela- 
tion to the perceptual process, a purely 
operational definition, ‘‘extra-sensor) 
perception,’’ may be used. It is a 
neutral term, involving no hypothesis 
There are, to be sure, hypotheses now 
proving serviceable in the guidance o! 
research, of which a few have been sug- 
gested, but this article can not undertak 
to recount them more fully. 

7 Psychol. Bull., 36: 59 ff. 
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THE SCIENCE OF CORNELIUS DREBBLE 


By Dr. GOLDWIN SMITH 


THE STATE UNIVERSITY OF IOWA 


In the first decades of the seventeenth 
eentury Francis Bacon challenged a 
closed body of doctrine by asking a 
question. Few men in the preceding 
three hundred years had dared to op- 
pose the standards of Aristotle. In a 
series of unexpected attacks, Bacon 
smote the scholastics hip and thigh, 
divided their ranks, drove them over the 
hills. During the century that followed 
the schoolmen made creditable but for- 
lorn attempts to repair the disaster 
wrought by Bacon’s appeal to induction. 
Through the years they were forced to 
continue reluctant withdrawal before 
new forces. At the end of the century 
Isaac Newton presented the world with 
an exact demonstration that the universe 
is one harmonious machine. Between 
the twin achievements of Bacon and 
Newton lamps of aspiration had been lit 
in innumerable laboratories. The Royal 
Society had been founded. Boyle and 
Harvey gave courage and elation to an 
England seeking a place in the newly 
robust circle of European science. 

The course of the new science was un- 
doubtedly aided by the work of a num- 
ber of men, none of them in the first 
rank of scientists, who contributed their 
unspectacular mites to the brave cru- 
sade. They accepted and defended the 
formulae of emphatic protest against 
obseurantism. They helped to create a 
new ‘‘climate of opinion,’’ sceptical and 
derisive, corroding the ancient fetters of 
authority. 

One of these was Cornelius Drebble. 
In some respects he was to make polluted 
contributions to the science of his age; 
in others he was to prove himself a con- 
summate fraud. Yet he did pour scorn 
on the intellectual detritus of the pre- 
ceding ages. His critical spirit was 


sharp; his inventive genius was con- 
tinuous. For a generation he marched 
behind Bacon and some, at least, of 
Bacon’s precepts he made his own. 

The early life of Drebble is hidden be- 
yond the mists of three centuries. There 
is evidence that he was a student of the 
famous Goltzius, master engraver of 
Alkmaer. It is probable that he executed 
an engraving of the city of Alkmaer in 
1597, a work that appeared in a book 
published in 1747 by the Dutch historian 
Boomkamp. However this may be, Dreb- 
ble soon sought a wider arena for the 
exercise of his inexhaustible energy and 
curiosity. In 1608 he published a little 
volume, ‘‘On the Nature of the Ele- 
ments.’’ Here he discussed the manner 
in which the elements ‘‘cause the wind, 
the rain, the lightning and the thunder.”’ 
In the Peirese collection there is an 
anonymous French translation in manu- 
script. In 1621 Peter Lauremberg pub- 
lished a Latin translation at Hamburg. 
A German translation appeared in 1624 
at Erfurt and two later Latin editions 
were produced in 1628 at Geneva and 
Frankfurt. 

Most widely quoted of all the refer- 
ences to the early activities of Drebble is 
the curious Kronijcke von Alcmaer, pub- 
lished in 1645 by Cornelis van der 
Woude. There it is recorded that Dreb- 
ble was tutor to the young prince of 
Austria and later councilor to Ferdi- 
nand II. When Prague fell in 1620 to 
the armies of Frederick of Bohemia 
Drebble was said to have been taken 
prisoner, released as a result of Dutch 
and English called by 
golden persuasion to the court of James 
I of England. 

At least a part of this biography we 
must dismiss as fiction. As early as 
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1609 Drebble was established in England 
at Eltham Park, far from the board of 
Ferdinand. From the young Prince 
Henry he received gifts of value of £40 
during the year 1610. From the king 
himself it seems likely that he received 
permission to use an apartment at Elt- 
ham. Here the exile from Alkmaer suc- 
ceeded by his ingenuity in making his 
name known to most of London. His 
age was of course an age of credulity, 
and the state of physical science was 
crude. These facts help to explain the 
emergence of Drebble as an alchemist, 
magician, empiric, professor of the black 
art. By observation, experience, me- 
chanical skill and arrant knavery Dreb- 
ble persuaded large groups of the public 
that new truths could be brought to 
light by those who followed the star of 
the new scientific principles. To some 
Drebble became a ‘‘deservedly famous 
mechanician and chymist’’; to others he 
remained a charlatan. 

It will be readily imagined that at a 
time when the foundations of scientific 
belief were becoming fluid, when a new 
scale of values was being insinuated into 
the teachings of the learned, when so- 
ciety was losing the firm grasp upon 
knowledge built by the great schoolmen 
the occasions for the impressive demon- 
strations of Cornelius Drebble were 
numerous and inviting. They were par- 
ticularly inviting to one of a genial and 
energetic temperament who could easily 
lay foundations of friendship and who 
sought a position of influence and au- 
thority. 

The first, and certainly to contem- 
poraries the most impressive, of all the 
devices of Drebble appeared in 1609. 
He presented to James I a perpetual 
motion machine. A contemporary de- 
scribes it as ‘‘a glass or erystal globe, 
wherein Drebble blew or made a per- 
petual motion by the power of the four 
elements.’’ In methodical obscurity he 
continues : 
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For everything which by the force of the « 
ments passes in a year on the surface of ¢ 
earth could be seen to pass in this eylind: 
wonder in the shorter lapse of twenty-four h 
Thus were marked by it all years, months, days, 
hours; the course of the sun, moon, planets and 
stars. It made you understand what cold is 
what the cause of the primum mobile, what t 
first principle of the sun, how it moves; tl 
firmament, all stars, the moon, the sea, the sur 
face of the earth, what occasions the ebb fi 
thunder, lightning, rain, wind, and how things 
wax and multiply. 

Then ensued the consequence that 
Drebble had probably foreseen. To view 
this wonder at Eltham came people of al! 
classes. The Prince of Wirtemberg 
made a special journey to gaze upon 
the creation of Cornelius Drebble and 
to leave his royal words of admiration 
Ben Jonson alluded to the popular in- 
terest when he caused Morose to exclaim 
in ‘‘The Silent Woman,’”’ ‘‘My very 
house turns round with the tumult! | 
dwell in a windmill! The Perpetual 
Motion is here, and not at Eltham!’’ 

The strange machine that moved con- 
tinually ‘‘without the help either of 
springs or weights’’ attracted also the 
attention of the Englishmen of science 
Thomas Tymme published in 1612 a 
‘‘dialogue philosophicall wherein na- 
ture’s secret closet is opened.’’ In his 
preface Tymme sets before his readers 
‘‘A most strange and wittie invention 
of another Archimedes which concerneth 
Artificial Perpetual Motion immitating 
Nature by a lively patterne of the in- 
strumente itself, as it was presented to 
the King’s most royal hands.’’ Tymme 
believed that in some fashion Drebble 
had ‘‘extracted a fiery spirit’’ (or per- 
haps ‘“‘scintillula animae magneticae 
mundi’’) and thus maintained the 
motion of the machine. In 1628 good 
Bishop Wilkins called the Eltham device 
‘a chymicall experiment’’ and there 
permitted the problem to rest. 

It must have been disconcerting to 
Cornelius Drebble to discover that the 
popular appeal of his invention was not 
easily translated into money. But such 
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appear to be the facts of the case, for 
we find a petition addressed by Drebble 
to Prince Henry in May, 1612. In this 
petition Drebble declares that the Lord 
Mayor has refused him permission to 
hold a lottery. He pleads that he has 
no other means of subsistence and begs 
the influence of Prince Henry with Lord 
Treasurer Salisbury for leave to have a 
lottery beyond the jurisdiction of the 
city. He also sends a petition to Salis- 
bury, explaining the proposed conditions 
for his lottery. 

In the course of a few years, however, 
the fortunes of Drebble seem somehow 
to have become more firmly established. 
He has meanwhile invented a mysterious 
automatic musical instrument. He has 
also made famous a scarlet dye. In his 
own age tradesmen throughout Europe 
reaped large profits from its sale. Later 
Drebble was to give the secret dye for- 
mula to his son-in-law John Kuffeler and 
in the next generation it is known as 
‘*Kuffeler’s colour,’’ as readers of Eve- 
lyn will be aware. 

There was another triumph which 
served to enhance the rising fame of 
Drebble. For the Prince of Orange he 
invented portable iron ovens, an event 
of importance in the devglopment of 
mobile army units. To these real 
achievements he added others, some of 
them more questionable. Soon he 
reached the apex of his renown. His 
name was magic. A contemporary 
writer, reflecting upon the bewildering 
genius of Drebble, found no cause for 
litotes. 

Aided by some instruments of his own manu- 
facture, Drebble could make it rain, lighten and 
thunder at every time of the year, so that you 
would have sworn it came in a natural way from 
heaven. 

By means of other instruments he could, in 
the midst of summer, so much refrigerate the 
atmosphere of certain places, that you would 
have thought yourself in the very midst of win- 
ter. This experiment he did once on His 
Majesty’s request, in the great hall of West- 
minster; and although a hot summer day had 
been chosen by the King it became so cold in 
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the Hall that James and his followers took to 
their heels in hasty flight. 

With a certain instrument he could draw an 
incredible amount of water out of a well or river. 

He made instruments by means of which were 
seen pictures and portraits; for instance, he 
could show you kings, princes, nobles, although 
residing at that moment in foreign countries. 

He invented all these and many other curiosi- 
ties too long to relate, without the aid of the 
black art; by natural philosophy alone, if we 
may believe the tongues of those whose eyes 
saw it. 

There can be little question that Dreb- 
ble was prepared on occasion to pass the 
discoveries of others off as his own. All 
his contemporaries recognized some ex- 
cellent qualities in the Dutchman, but 
they declared that it was the pith of 
good sense to suspect him of the worst. 
For instance, the famous ‘‘lunettes de 
Drebels’’ were not his sole creation, even 
though they bore his name and attracted 
wide attention throughout Europe. 
sendi, Holstensius and Peirese conducted 
a long correspondence upon the subject 
of the ‘“‘lunettes’’ and to 
Peirese wrote ‘‘Et quand on voit du 
sable dans les lunettes de Drebels, on y 
trouve aultant de facon et de perfection 
bien souvent qu’aux caillous entiers, et 
aultres pierres plus precieuses et dia- 
phanes.’’ Yet Drebble, whom Gassendi 
ealled ‘‘ocellus eruditorum,’’ was not 
responsible for the excellence that im- 
pressed Peirese. There is also the fact 
that in 1619 Drebble displayed a new 
microscope to William Boreel, the Dutch 
Ambassador. Drebble described it as his 
latest invention. It had really been pre- 
sented to him some months before as a 
gift from the Archduke Albert. 

People liked to hear about the miscel- 
laneous claims and inventions of this 
impressive scientist. They were well 
disposed to him, for the whole tendency 
‘was slowly beginning to flow strongly in 
the direction of that which was new, and 
that which was revolutionary therefore 
became that which was important. It 
was consequently to be expected that 
this man who had offered such a confi- 
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dent assortment of mechanical devices 
should have found the invention of a 
submarine particularly popular. And 
of his submarine ‘‘tryal was made in the 
Thames with admired success, the vessel 
carrying twelve rowers besides passen- 
gers.’’ 

A second contemporary continues: 

He built a ship, in which one could row and 
navigate under water, from Westminster to 
Greenwich, a distance of two Dutch miles; even 
five or six miles, as far as one pleased. In this 
boat a person could see under the surface of the 


water, and without candlelight as much as he 
needed to read in the Bible or any other book. 


Robert Boyle was deeply concerned 
in the search for an explanation of the 
secrets of Drebble’s submarine. In his 
‘‘New Experiments Physico-Mechani- 
eall’’ he attempts to answer the modern 
problem of oxygen supply. 


Besides the mechanical] contrivance of his ves- 
sel Drebble had a chymicall liquor which he 
accounted the chief secret of his submarine 
navigation. For when he perceived that the 
finer and purer part of the Air was consumed or 
over-clogged by the respiration and steames of 
those that went in his ship, he would, by unstop- 
ping a vessell full of this liquor, speedily restore 
to the troubled air such a proportion of vitall 
parts as would make it againe for a while good 
for respiration, whether by dissipating or pre- 
cipitating the grosser exhalations or by some 
other intelligible way I must not stay to ex- 
amine, 


The success which attended the launch- 
ing of the submarine marked the last 
appearance of Drebble as an idol of the 
populace. We possess, indeed, but frag- 
mentary knowledge of the last decade of 
his life. We know that ‘‘Cornelius 
Drebble the Engineer’’ marched in the 
funeral procession of James I. We know 
that he labored for Charles I to produce 
‘‘divers water-engines.’’ We know that 
he was paid £150 a month as an officer 
of three fireships (to be used against the 
island of Rhé). 

It is probable that one of his inven- 
tions remained a secret. John Kuffeler 


and John Drebble approach the govern. 
ment in 1662 to sell a secret of the grea: 
Cornelius. They request ‘‘a trial 0; 
their father Cornelius Drebble’s secret 
of sinking or destroying ships in 
moment, and if it succeed, for a reward 
of £10,000. The secret was left them 
by will to preserve for the English 
Crown before any other state.’’ Ally 
sion to this petition is to be found in 
Pepys and Evelyn as well as in the 
Calendar of State Papers. There is no 
record of the final decision of the goy- 
ernment. 

In 1634 Cornelius Drebble died in 
London. He was sixty-two years of age. 

Great as were the sensations caused 
by the works of Cornelius Drebble the 
fact remains that he was not a giant in 
the annals of seventeenth century 
science. What he achieved has been 
largely forgotten. His meager share of 
fame has been a pruned paragraph in the 
history of scientific progress. And yet 
he has a title to the hesitant applause of 
the moderns, and this article is in part 
a baptism of approval. For Cornelius 
Drebble is an excellent symbol of a new 
age. He was one of the unsung disciples 
of Bacon and Harvey and Boyle. By 
slow degrees it was men like Drebble 
who spread abroad the notion that 
science was not a matter to be left to 
the schoolmen who had been first in the 
field. No longer should superstition 
flourish like fungus under the scaffold 

Cornelius Drebble may have been 
often a charlatan, frequently dishonest, 
but he hated passionately those who 


age and bowed before the authority o! 
the fathers, with their ‘‘letters of opium 
on tablets of lead.’’ He denounced the 
impotence and scientific sterility of the 
scholastics. He believed with Bacon 
that truth was not the daughter of 
authority but a secret slowly to be re- 
trieved from the womb of time. 
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AMONG IGLOOS AND ICEBERGS the 
(‘ONSCIOUSNESS of the frozen realm this 
) lies to the north of us our readers as W 
acquired through the books by al 
er Freuchen, his ‘*‘ Eskimo,’’ ** Aretie ale 
venture’’ and ‘‘It’s All Adventure,’’ as 


of which appeared in the early thn 


The new decade has seen the ap remote isiand of the Aret \ 

arance of Sydney R. Montague’s ‘‘] King Willia al 
Lived with the Eskimos,’’ de Ponecins’ Magnetie Pol Strano 
‘‘Kabloona’’ (Eskimo for White Man reader is nowhere told thy 

d Carlson’s ‘‘Greenland Lies North.’’ tory connected with this tslan 
All these have been built upon some vears — It Surpasses all other places in tf 

experience in association with the for it was in King W m | 
stone-age primitives that are the inhabi perished the 125 men of the 
tants of the cold and barren realm to the Of Sir John Franklin, to rescue 
north of us, where life is fearfully hard less than forty separate Arct 
and gaunt famine stalks through every tions were sent out before the 
winter. finally cleared up 
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do with the Arctic fringe of British primitive | 


tim 
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**Kabloona’’ takes us 


for fifteen months burie 


e in the igloos or or 


rnevs with some of 


eople on this eartl 


America. which is even less accessible become disgusted with the life of his 
and still less touched by civilizing in and decided to become a wandere 
fluences. attempt to find people who lived 
Carlson went to the Arctic as a mem ter terms with their neighbors thar 
ber of the scientific expeditions sent out he knew best. Asa result of this ré 


from the University of Michigan, and of his scientific training and of | 


for a full year he was in independent use of the English language, he | 
charge of an Arctic station north of 74 before us in this book the most ! 
North Latitude. There he established ing study by one racial mentalit 
himself with one white companion and other. Even Freuchen, in spit 
with an Eskimo family as helpers and two decades and more of association 
from which he earried out sledging eX Eskimos, has not riven US SO Cleal 
peditions with other groups of natives. lation. As de Poncins himself has p 
He acquired their language and submit- ‘“‘A good part of this book 


ted to the unpleasant and unsanitary story of the encounter of two 


conditions incident to their hard life. and 
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erac ial suDSTiITutfion of 
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CAMOUFLAGE AND BLUFFING IN 
THE ANIMAL WORLD 


Corr’s book is far more than a beauti- 
fully illustrated treatise on the colors 
and color-patterns of animals, though it 
is that among other things. It is an im- 
portant contribution to theoretical biol- 
ory, particularly as this relates to the 
origin of adaptations. The anti-Darwin- 
lan reaction of a generation ago, with 
its all-but denial of adaptation as a 
product of natural selection, has largely 
spent itself. To the surviving represen 
tatives of this school Cott’s recent vol- 
ume offers a serious challenge. 

The author of this volume has excep- 
tional qualifications for his task, being a 
naturalist with wide field experience in 
various parts of the world, a scientific 
photographer and a talented draftsman. 
I trust that I am not betraying a mili- 
tary secret if I add that Dr. Cott’s spe- 
cial knowledge of the principles of 
camouflage have been utilized by the 
R. A. F. in the present war. 

The title of this book is somewhat too 
restricted, in view of its contents. Many 
other means of protection are discussed 
besides visual ones, as for example such 
peculiar defensive mechanisms as those 
of the skunk, the poreupine and the rat- 
tlesnake. Likewise, much space is de- 
voted to the highly appropriate behavior 
of both eryptically and warningly col- 
ored animals, without which their color- 
schemes would be largely futile. Our 
author, let us note, is as fully commit- 
ted to the reality of warning (‘‘apo- 
sematic’’) coloration as he is to that of 
the concealing type. 

Cott’s analysis of the principles em- 
ployed by nature to effect concealment 
obviously owes much to Abbott Thayer, 

of some of whose ideas he makes exten- 
sive use. Thus vertebrate animals are 
commonly ‘*countershaded,’’ being most 
heavily pigmented on the more brightly 

1 Adaptive Coloration in Animals. Hugh B, 
Cott. xxxii+508 pp. $8.50. 1940. Oxford 


University Press. 
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illuminated upper surface, and m 
pigmented below. Many animals 
are ‘‘disruptively’’ marked, so 
obliterate their contours and to d 
the apparent continuity of their 
surfaces. Needless to say, Cott 
tains no such obsession as did T 
respecting the universality of cone 
coloration in the animal kingdon 


Among other principles of co) 
ment discussed by our author ar 
elimination of shadows, in cases 
these would bring an animal into 1 
and conversely the pigmental imit 
of shadows, in some cases where 
markings tend toward disguising ai 
mal’s true shape. One of the most 
prising of all the methods in nature’s 
of tricks is a class of phenomena 
Cott has termed ‘‘coincident disr 
coloration.’ Here we have patt 
which ‘‘run out of all relation to 
frequently cut right across, the dist: 


tion of deeper structures. Frequi nt 


as we have seen, they bridge the 


between upper and lower Jaws; or st 


over the pupil from one side of the 
to the other; or cross the slit of the 
from lid to lid; or span the space betw 
the folded segments of the leg.’’ Nat 
seems to have in view the visible app 
ance of these pigmental patterns, ent 
regardless of underlying morpholog 
considerations. Such ‘‘eoincident’’ | 
terns are well illustrated in a numbe1 
the author’s fine figures, and indeed 
likely that many readers have alre 
been aware of the existence of these 
cidedly puzzling patterns, without | 
ing speculated on their meaning 

While it is possible that Cott 
adopted too unreservedly an adapt 
interpretation for some of these | 
nomena of animal coloration—part 
larly ones of the ‘‘ warning’”’ and ‘‘b 
ing’’ type—he has assembled a mass 
facts and arguments which are, on 
whole, convincing with respect to 
main thesis. 

In the days of Darwin, and of 
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writings of Poulton, it was pos 

to challenge the natural selection 
yretation of these phenomena on the 

| that it was unsupported by evi 
At the present time, however, 

sa very considerable array of evi 
both observational and experi 
tal. bearing on this subject It is 
Cott’s valuable services that he 

s assembled much of this evidence in 
s recent volume. This relates not only 

he now generally admitted survival 

of coneealing coloration, but to the 
debatable value of ‘‘ warning’’ col 
ition The importance of both of 
hese principles as factors in evolution 
seems at present to be reasonably well 
established. No denial of this claim can 
henceforth command respectful attention 
nless it commences with a refutation 
such evidence as has been marshalled 
by Dr. Cott. 

The reader (or at least this reader 
would have been saved considerable time 
and patience had the page numbers of 
the plates in the volume been indicated 

the frequent references to them 
throvghout the text. It is necessary to 
mention, too, one regrettable omission on 
the part of the author, which we can not 
regard as deliberate. This is his failure 
to mention that his figure 18 on page 67 
sa free-hand copy of an ingenious col- 
ored plate of Thayer’s (‘‘Concealing 
Coloration in the Animal Kingdom,’’ 
Plate XI). 

Despite occasional grounds for minor 
eriticism, Cott’s volume is a highly im- 
portant and very interesting contribu 
tion to the literature of animal ecology 
and evolution. 

Francis B. SUMNER 


THE STORY OF PLAGUES' 


Tuis is a first-class book. It is a com- 
bination of detective story, historical 
romance and scientific treatise. The 
stories it tells are of tragedies, mass 

Plague on Us. Geddes Smith. Illustrated. 
65 pp. $3.00. 1941. Commonwealth Fund. 
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deaths and tl é sa 
tive Tactors seases that ! ! 
aged and dest ! ! s 
It Wipes away tl MISTS S rs ! 
clears up the s fixe s or 
prejudices, and Ss the St hat 
has been done it T has bee na 
what wi he rhe if r 
studies are as fT t! as 
they have been in tl ast 

Over and over again, as | 1 the 
pages, photographs that [ saw in M 
den of some of its allevs ta at 
city in the ea ! ni il ne 
epidemic ot some ears ave ‘ " 
monie torm o iD plag ‘ 
again nto m\ Slo! Scores ! ‘ 
bodies, their clothn stolen bv bi S 
lav as they had been left to be picke Dp 
by the authorities How often in he 
walled cities and garrison towns ha 
human beings perished in the same way 
from diseases that were favored by herd 
living. Those who read ‘‘ Plague on Us”’ 
will understand why public health should 
be supported and medical research en 
couraged The human body as a reser 
voir of punishing organisms, the rela 
tionships of othe neg things to that 
body, and the Way man and his so t\ 
are winning in this struggle of one kind 
of life against another, are presented in 
a brilliant and sound manner 

I hope that Geddes Smith’s book 
become a ‘‘ best seller.’’ 

Ray Lyman WILB 

MEDICINE THROUGH THE AGES 

Tuts book consists of six lectures by 
as many authors, each a graduate in 


medicine. One lecture sets 
position of psychiatry (menta 
in modern medical practice; 
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ideas and practices current in Colonial 
America; the story of surgery and the 
story of insanity. 

Dr. Walter C. Alvarez, of the Mayo 
Clinic, physiologist and clinician, finds 
in savage society the germs of origin both 
of scientific medicine and of quackery. 
Massage, bone setting and the giving of 
herbs, practices of the savage, were 
among the scientific ancestors of modern 
medicine; while the quackery of to-day 
is the lineal descendant of the primitive 
witch doctor’s ‘‘control’’ of the spirits. 

The wisdom of the first has been cor- 
rected and amplified down the ages. The 
second was born of ignorance, but has 
survived into our age of enlightenment 
as a cynical play on the credulity of the 
sick. The contrast drawn by the author 
is clear and entertaining. It will not be 
misunderstood as attributing to the prae- 
titioners in savage society the same sepa- 
ration of identity, of knowledge and 
ignorance, and of worthy and unworthy 
motives that exists to-day between the 
trained practitioner of medicine and his 
untrained or unscrupulous counterpart. 

Dr. Sanford V. Larkey, historian, 
Johns Hopkins University, and Dr. Cecil 
K. Drinker, physiologist, Harvard Uni 
versity, picture the beginnings of mod- 
ern medicine in England and Colonial 
America, respectively. Elizabethan En- 
gvland saw the beginning of health books 
of the family medical adviser type. It is 
interesting that these were more given to 
rules of prevention than to cure. 

The charlatan was a recognized men- 
ace, and the licensing of qualified physi- 
cians was begun in this period to protect 
the public against him. The Dean of St. 
Paul’s was given the responsibility of 
questioning the would-be practitioner to 
determine his fitness. Later the ‘‘com- 
panies’’ or ‘‘colleges’’ of physicians and 

surgeons took over the responsibility. In 
a day of beginnings, the barber could at 
the same time be dentist and surgeon; 
and the apothecary and the grocer were 
in the same guild. Blood letting, purg- 


ing and baths were popular meas 
treatment. 

This was the day of the great 
and these stimulated the develop: 
public health regulations by tl 
Among the earliest were laws t 
the water supply, to keep the 
clean, and laws for the improv: 
housing conditions 

The account of Colonial Am: 
Dr. Drinker is based on the 
Elizabeth Drinker, housewife. It 
49 vears, from 1758 to 1807. T 
tracts from the diary as quoted 
author are full of amusing incide 
reflect the keen sense of humor « 
tress Drinker. There is an acc 
the establishment of the first bo 
health in Philadelphia (in 1799 
law forbidding slaughtering of ca 
the streets (1721); of the establis! 
of public bath houses in Philacdk 
(1771); of the installation of a ba 
shower at the Drinker home (1798 
account of an all-over bath, ta 
great risk of health: of the cleani 
of a backyard ‘‘necessary’’; of a 
mineral well of great if tempora 
tue. It was the province of midv 
care for women in ehildbirth, 
woman who employed a_ physi 
‘*man-midwife,’’ was considered i 
est. One new-born child out of 
died. 

Dr. Charles Gordon Heyd, su 
New York City, traces the develo; 


of modern surgery as essentially th: 


tory of the control of hemorrha 


pain and of infection. Tying of b 


ing vessels was known before the ti 
the Greeks, and was rediscovere 
Ambroise Paré (1510-1590). son 
barber-surgeon. Blood letting was 
three thousand vears ago in treat 
of ‘‘obsession with demons.’’ It 

common treatment for a variety o 
into the early years of the nineté 
century. Blood letting was earl 

ticed by the monks, then after 
became the prerogative of barbe: 


reons. 
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insanity Primi 


man ascribed to events in nature 


ves similar to those that moved him 


inevitably, it seems, developed a 


ef in a spirit world. Dreams were 
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important factor, as 
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modern, but with the overthrow of Gre 
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ral explanation of 
460 


tal diseases in a 


mental and 


lisease 175 B.c. 
Wwa\ seems almost 
an culture by the Romans, the former 
meept regained its original authority 
It was accepted in New Testament scrip 
ture and continued to be held during the 
middle ages by the Church Fathers, and 
by ‘‘the Phi Beta Kappas of the time.’’ 
Even leaders as late as Calvin, Luther 
and Wesley continued to hold this view 

In accordance with this belief, treat- 
ment of the the 
neluded the use of holy water, visits to 
Herbs, 
magic stones and incantations were rec 
The belief that beating and 
reviling the patient was equally punish- 


insane in middle ages 


holy 


places, fasting and prayer. 
ommended. 


ng to the demon within led to use even 


of torture as treatment, and insanity 


came to be identified for all practical 
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THE DISCOVERY OF MAN 


Tue subtitle states that the treatise is 
‘The Story of the Inquiry into Humar 
Origins,’’ but we read later that it Is ‘‘a 
tale which traces the growt! t! 
sciences of archeolo ind anthrop 
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to the present day,’’ by a reader hi 
sical archeology at the Oxford Un 
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THE PROGRESS OF SCIENCE 
SAMUEL F. B. MORSE, 1791-1872 


SamuEL F. B. Morse and Michael apparatus on a 


; 


aday were born in the same year, demonstrate its va 


I al 
1791. one hundred and fifty vears ago ir atent in 1840 


raday was born in London' and Morse = coming Fina 
Charlestown, Mass Both spent most passed an approp! 
their lives in the study of electricity line ‘om Balti 
ind electromagnetism, Faraday on in which was put int 
vestigations of the fundamental relations The first messag 
between them and Morse on the inven wrought !"’ 
tion and perfection of wire telegraphy plied for a 
One was the scientist: the other. the in been refused 
ventor. ent but later 
The early surroundings of Morse were use without com) 
much more fortunate (if our ideas of tor. In 1858 several Eu 
vhat is a favorable environment for ments, including those of Austri: 
youth are sound) than those of Faraday cium, France, Netherlands and R 
Morse attended Yale University, from made monetary appro 
which he graduated in 1810. He had the who then took 
privilege of studying under Jeremiah marine cables 
Day and Benjamin Silliman, the latter Many = predece 
the founder and for many vears the’ proached the ide: 
editor of the American Journal of No graph, but did not 
ence. He did not show, however, any ex- the construction 
ceptional taste for science during his and the invention of 
student days. Indeed, he was more in- better known scientists who saw 
terested in art, and in the vear following dimly, the possibilities 
his graduation he went to England to sages over long distance 
study art. He was one of the founders were Roger Bacon 
and the first president of the National Ampere and Josep! 
Academy of Design, which was organized veloped a system th: 
in 1825. indeed, one that woul 
Morse gradually became interested in pendent messages over a 
electricity and in 1832 definitely set him time. 
self to the task of developing wire teleg- Fortunately for America the 
raphy. In the first vear he made rough and steam railroads were both invented 
drawings of a method of accomplishing at the time the tide of western migrat 
the desired results. After making his began to flow strongly across the Missis 
own models, moulds and castings, he sippi Valley, the Plains States and on to 
completed his apparatus in 1836 and the Pacifie Coast These invent 
gave the first exhibition of its working on = made this rapid mass movement possil 
September 2, 1837. and the mass movement made the 
The way of the inventor has often been expansion of railroads and the tel 
hard. In 1837 Morse petitioned Con- necessary The first continental 
gress for an appropriation to test his graph line was completed in 1861. Witl 


the driving of a golden spike in 1569 the 


1See the August issue of THE ScIenTiri« 
MONTHLY, page 183. continent was first spanned by a railroad 
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The development of both the railroads 
and the telegraph facilities has been 
phenomenal. To take care of the mes- 
sages that are now sent from and re- 
ceived by more than 50,000 telegraph 
offices and agency stations nearly two 
and one half million miles of copper wire 
Is required, exclusive of ocean cables. 
Much more would be required if it were 
not how possible to send several messages 
over the wire at the same time and with 
much greater speed than by the dot-dash 
space method invented by Morse. 
There are interesting and important 
human aspects to every scientific devel- 
opment. The telegraph has reduced the 


loneliness of the frontier and 
many happy messages as well as 
that were sad. It gives emplovn« 
about 65,000 persons, all except th: 
cers working only 40 hours a week 
provides opportunities for investm: 
more than 30,000 persons, the avera, 
vestment being approximately $1 
and none exceeding 2 
stock of the largest telegraph com 
It pays ten millidn dollars in taxes 


per cent OT 


is an essential element in the infi 
complex and incomprehensible ma 
ery of our present life. Samuel I 
Morse! Rest in peace! 


THE UNIVERSITY OF CHICAGO CELEBRATION 


Kor the first time since its organiza- 
tion ninety-three vears ago the American 
Association for the Advancement of Sei- 
ence will hold two summer meetings in 
one vear. The first meeting this summer 
was held at Durham, N. H., in June in 
connection with the celebration of the 
seventy-fifth anniversary of the found 
ing of the University of New Hampshire. 
The second will be held from September 
22 to September 27, inclusive,“at Chicago 
in connection with the celebration of the 
fiftieth anniversary of the founding of 
The University of Chicago. 

Most of the programs at Chicago were 
organized by The University of Chicago 
under the general title ‘‘ Fiftieth Anni- 
versary Symposia.’’ In addition to the 
symposia there will be thirteen general 
sessicns at which distinguished scholars 
will deliver addresses in the fields in 
which they have achieved eminence. It 
is expected that they will be given honor- 
ary degrees by the university. 

Thirty symposia under the general 
title ‘‘New Frontiers in Edueation and 
Research’’ will be presented during the 
week of the celebration and two will be 
held at earlier dates. The University of 
Wisconsin will join with the University 
of Chicago in a symposium on ‘‘The 


Respiratory Enzymes and the Biolog 
Actions of Vitamins,’’ the first part 
which will be held at Madison on T! 
day—Saturday, September 11-13, 
the second part at Chicago on Mond 
Wednesday, September 15-17 


other symposium to be presented in 


vance of the celebration week is 
Training of Biologists,’’ which w 
held on Thursday—Saturday, Septem! 
18—20. 

On the first day the chemists will 
gin with a two-day symposium on 
ganic Chemistry,’’ the biologists 
hold one on ‘*‘Growth and Differentiat 
in Plants,’’ and the biologists and 
medical scientists will start their dis 
sion of ‘* Problems in Aerobiology.”’ T 
social scientists start their series of p: 
grams by a symposium on ‘*The Pub 
Social Services: Fifty Years of Pr 
ress’’: the linguists, with ** Approac! 
to Linguisties’’ and ‘‘The Editing of 
Text’’: and the edueationists, with ‘‘E 
vironment and Edueation.’’ The pi 
vrams are so extensive that, in orde 
finish in the week, in most fields they 
gin on the first day. 

Perhaps the most extensive sympos! 
is that on ‘‘Levels of Integration in B 
logical and Social Systems,’’ a subj 
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BERNARD A. ECKHART HALL 


WHICH HOUSES THE DEPARTMENT OF MATHEMATICS AND 
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hoth o 
LEON MANDEL HALL OF THE UNIVERSITY OF CHICAGO bot] 


rHE GENERAL ASSEMBLY HALL CONTAINING THE AUDITORIUM 


and 

vears 
that was discussed by Dr. Ralph W. ject illustrates as well as any ot! front 
Gerard in the April, May and June, 1940, general title of the series of sv able } 
issues of THe Screntiric Montuity, ‘‘New Frontiers in Edueation ai Thom; 


which will be presented on Tuesday and — search.”’ draft 
Wednesday, Eleven scientists from five A symposium on a very timely s dence 
institutions will participate in this pro- is that on ‘‘Life at High Altitudes histor 
eram Aviation Medicine.”’ Although wa Rever 


Of all the subjects discussed, probably many terrible features, such as the a sign 
none has given rise to more varied opin-_ struction of life, the impairment dence. 
ions than ‘*‘Cosmie Rays.’’ It is highly health and the more tragic dissoluti: and m 
appropriate that this subject should be the finest human qualities, it has s In 1 
considered at Chicago, for Dr. Robert A. good results. During the First W an oil 
Millikan, formerly a professor in the War much was learned about wounds U.S. 3 
University of Chicago, is one of the shock and malnutrition. During this an act 
earliest and foremost investigators of war much human physiology is b subma 
cosmic rays; and Dr. Arthur H. Comp- learned because many aviators must sword 
ton, chairman of the Department of at great heights. The observations the ni 
Physics in the university, is equally emi- experiments are not made in airp : the W 
nent in the field. Although these two but in airtight chambers in whic! of the 
distinguished Nobel Prize winners agree mospherie pressure can be lowere s naval 
largely on the observational evidence’ required. Another interesting subjec' In 1 
they have quite different interpretations related in part to high altitudes is recess 
of what it may mean. Perhaps this sub- transmission of low forms of life, | Divisi 


New \ 
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and animal, by air for 
es. This question is a part of that 
issed in the **Prob 
sin Aerobiology 

Naturally the future of society 
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PIOUS aspec 
S\ mposia 
tion,’’ 

anda 


ence 


OF THE SMITHSONIAN INSTITUTION’S NEW 


INDEX EXHIBIT 


[HI Smit] 


an Institution’s 


History Section of the 


new index exhibit 


omprises three wall recess panels labeled 


‘ivil historv,’’ ‘‘naval historv’’ and 


“military history.’’ In each recess a 
earefully selected series of objects exen 
plifies one of these three leadine branches 
of the science ot history as developed mn 
a museum. 
The central 
tory recess 1S a bronze copy ol Houdon’s 


Washington, 


flanked by a china plate and a silver tray, 


feature of the civil his 


portrait bust of George 
both owned at Mount Vernon by General 
Mrs. Washington 
years ot the 


front of the bust is shown the small port 


and during the last 


eighteenth eenturs In 


able mahogany writing desk used by 
Thomas Jefferson when writing the first 
draft of the Declaration of 


Other objects to illustrate civil 


Indepen 
dence 
history are a silver teapot made by Paul 
Revere, another owned by Samuel Chase, 
a signer of the Declaration of Indepen 
dence, and a series of United States coins 
and medals. 

In the recess devoted to naval history 
an oil painting 1864 of the 
U.S.S. Hartford may be contrasted with 
First World War 


A naval officer’s 


made in 
an actual model of a 
submarine chaser 
sword and scabbard of the early part of 
the nineteenth century, naval medals of 
the War of 1812 and naval decorations 
of the First World War complete the 
naval history exhibit. 

In the center of the military history 
recess is an oil painting showing the 77th 
Division marching down Fifth Avenue 


New York, in 1918. 


Changes in stvles of 


-of national service 


militarv headgear 


man's 

War with Mex a 

First World War 

Revolutionary War n 

militarv decorations 

Kirst World War ai 
Across the 


hang a 


enlisted 


series ( 
representing 
stars in the 
flav at variol 
1777-1940 

The exhibit as a 
Histon 


Smithsonian 


sent the 
Inst 
not only for pub 
for serious’ histor 
collections inelude 
, 


tvpes ol muse 


the lives and time 
ical characters and 
stances of the pel ods d 
lived Th emphi 

of a naval and 
present exhibit is 
spirit of the time 
tive importance 
materials of this « 
tions as a whol 


The 


gether at 


historical collec 


the Sm 


Thsor 


an excellent manner the interrelat 


ship between the civil, naval and n 


phases of American history and 


; 


clearly the réles played by many eminer 


more of these field 


Many 


notable figures in Ame 


Americans in one or 
mementoes ol 
the careers of 


wan history both as soldiers and as states 
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are included The mementoes 


vn from civil history represent thy 





al development of American civil! 











m. The naval and military 





s depict the development of the 

i] energy in these two fields in times 

national emergency in accordance 

h democratic processes and under the 

eral direction of the civil authorities. 
as contrasted with that of the profes 
sional militarist. 


Of the many types of media useful for 





the expression ot these three phases oft 
history in museum form, those of special 


il portance in the field of eivil history 





are such materials as china, glass, silver 
ware, furniture, costumes, paintings, en 
eravings, coins and medals: in the fields 
of naval and military history, arms, flags, 
uniforms, insignia, decorations, ship 
models and various types of naval and 
military paraphernalia 


TuHeopore T. BELoTI 


NINTH SUMMER CONFERENCE ON SPECTROSCOPY AND ITS 
APPLICATIONS 


THe Ninth Summer Conference on in the application of  spee 
Spectroscopy and Its Applications was methods to various problems of 
held at the Massachusetts Institute of chemistry, metallurg 
Technology on July 21 to 23, inclusive Among the papers 
An indication of the current interest in greatest interest 
spectrographic analysis of materials and the development of 
in Other applications of the spectrograph Professor O. S. Duffenda 
to scientific problems was the fact that versity of Michigan 
advance reservations were made for all of Geiger-Mueller 
available seats. Attendance at the con copy. A new spectrogra 
ference was limited to 250, it being de violet region was discussed 
sired to preserve the air of informality Jacobsohn, of the Gaertner 
which has been found so conducive to Company, and an instrument 
animated discussions at previous confer- infra-red was described by W. H 
ences. A number of Canadian spectrog- of the Shell Oil Compar Drs 
raphers were in attendance, as well as Vincent and R. A. Saw 


representatives from the Hawaiian Is versity of Michigar 


ands and other distant points t\ pe ot microphotometer 


It is difficult to point to any definite line densities on the phot 
trend in spectrographic analysis as evi- used in analytical work 
lenced by the thirty papers presented at facturers of spectrograp! 


the conference. Steady progress is noted had new apparatus on displa 
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invited to describe this during the regu- 
lar sessions, provided thev were willing 
to receive open discussion and frank 
criticism from the floor. 

Significant improvements in methods 
of spectrographic analysis were discussed 
by Dr. W. F. Meggers, of the National 
Bureau of Standards; by Dr. M. Slavin, 
of the U. S. Bureau of Mines; by Harry 
W. Dietert and Car! King, of the Harry 
W. Dietert Company; and by Drs. Saw- 
ver and Vineent. 

Of particular interest to metallurgists 
were papers on the spectrochemical 
analysis of tin by B. F. Seribner, of the 
National Bureau of Standards; of alumi- 
num by H. V. and J. R. Churchill, of the 
Aluminum Company of America; of tel- 
lurium by R. E. Nusbaum and J. W. 
Hackett, of the Research Laboratories of 
the General Motors Corporation, and of 
lead, cadmium and zine, in dust fumes 
and ores by H. I. Oshry, J. W. Ballard 
and H. H. Sehrenk, of the U. S. Bureau 
of Mines. 

Particular applications of  spectro- 
graphie methods were discussed by A. E. 
Ruehle, of the Bell Telephone Labora- 
tories, who spoke on spectrochemical ap- 
plications to vacuum tube research; by 
C. W. Rankin, of the New York State 
Police, who spoke on applications of the 
spectrograph to toxicological investiga- 
tions; and by Daniel Norman and W. W. 
A. Johnson, of the New England Spee- 
trochemical Laboratories, who discussed 
the spectrographic analysis of meteorites. 

Of special interest to biologists and 


physicists were the sessions on absorp- 


tion spectroscopy. Professor W. R. 
Brode, of Ohio State University, dis- 


cussed a new automatic recorder ¢ 
sorption spectra and rotatory disp: 
Another absorption spectrophoto 
was described by A. O. Beckman 
H. H. Cary, of the National Teel 
Laboratories. Dr. D. DuBois, of 
Yale University School of Mediecins 
scribed a new absorption apparatus 
the study of rapid chemical react 
The absorption spectra of various 
plex organic compounds were dise 
by Dr. H. H. Darby, of Columbia 
versity, and Dr. Peter A. Cole, of 
U.S. Public Health Service. Dr. Da 
and Professor M. G. Mellon, of Pu 
University, led discussions on termi: 
gies to be used in new analytical met! 
involving the spectrograph. 

Other papers dealt with film and p 
processing equipment and with met} 
to be used in handling photogra) 
plates for spectrographic analysis. | 
tributions to this part of the discuss 


were made by Dr. Jacob Sherman, of t 


U. S. Navy Yard at Philadelphia, 
by Dr. L. W. Strock, of the Si 
Baruch Research Institute at Sarat 
Springs. 


Basic discussions of the physical pi 


ciples underlying spectrographic ana 


sis were given by Dr. W. F. Meggers 


the National Bureau of Standards, a 


by Dr. Henry Hemmendinger, of 
Massachusetts Institute of Technology 
The conference was enlivened by 


merous discussions and interchange: 


from the floor, a circumstance wl 


probably contributed to the extraord 


narily low population of the corrid 
during the three days ef sessions. 


G. R. Harrison 


A PRIMEVAL LABORATORY IN PENN’S WOODS 


Tue U.S. Forest Service has set aside 
4.131 acres of essentially virgin hemlock- 
beech forest, located on the Allegheny 
National Forest in northwestern Penn- 
sylvania, to be devoted permanently to 


scientific use and for the education : 
enjoyment of the public. This area is 


cated on the northern Allegheny Plat: 


7 miles south of the town of Ludlow, : 
is unique in containing the largest a 
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ANCIENT HEMLOCK 


we of original forest of its type in the 
East. It is the 
maining body of virgin timber between 
the Adirondacks of New York State and 
Smokies of North 
reservation of 


also largest single re- 


Carolina 
this 


the Great 
The purchase and 
leading 


wt, which was advocated by 


sclentists and vigorously promoted by 


Pennsylvania Forestry Association, 
had the support of the late Chief For- 
ester, F. A. Silcox, and was approved 
by the National Forest Reservation Com- 


1934. Its 


mportant forward step in the | 


reservation is an 
y. Ss. For- 


mission in 


est Service program ot permanently pre- 
characteristie of 


serving natural areas 
native forest and range vegetation in all 
regions of the United States. 

In administering this area the Forest 


Service recognizes two obligations. First, 


to preserve the native animal and plant 


fe in their natural state, in so far as 
s can be done on an area of this size: 


second, to stimulate use of the area 


INTERSPERSED 


PROGRESS OF 





WITH SMALL BEECH TREES 


scientists, naturalists 


by competent 


study, enjov and reeord 


the lav publie to 
the life that goes on in undisturbed not 
thern hardwood forests. To open up this 
area by motor roads and to provide elab 
orate facilities for picnicking or can 


encouraging ITS Lise 


as a 


ing, thereby 
obviously create disturb 


affect 


plants and animals That unavoidabk 


park, would 


ances that would profoundly hot} 


disturbance may be at a minimum: the 


motor road will terminate at the nort! 


ern border, where foot trails will lead 


timber 
TI est 


northern 


through choice stands of virgin 
and past points of scenic interest 
trails will be confined to the 
half that 
Area 


recreation to be 


is designated as the Tionesta 


Here the 


found in a fai 


Scenic Inspiration and 


true 


large area of primeval forest may bi 


enjoved amid towering hemlock 300 t 
500 old and beech 850) 


years of age. The southern portion, con 


vears veteran 


sisting of 2.113 acres and designated as 
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the Tionesta Natural Area, is dedicated 
primarily to scientifie research and will 
remain without developed trails. 

This tract as a whole has been essen 
tially undisturbed by the activities of 
man for 500 vears, though there has been 
some oil and gas development within the 
last 50 vears. Contrary to the usual con- 
cept, a virgin forest is not static but is 
responsive to natural forees which tend 
to tear it down and build it up. During 
periods of stress, caused primarily by 
severe droughts, many mature trees die, 
and greater or smaller openings are cre- 
ated in the forest canopy. Preservation 
of this area makes possible study ing the 
response of the forest to such catastro- 
phes as drought, windthrow, fire and 
vlaze storms, and observing the way in 
which natural regeneration takes place 
after these destructive agents have elim- 
inated the veteran trees. 

The species composition of a virein 


forest indicates those most likely to per- 


H 


~_ 


EMLOCK, BEECH AND YELLOW BII 


x 


sist and succeed under local so 
mate and most suitable for sel 
ting for continuous forest pr 
Likewise the virgin forest in w! 
species of trees are all-aged an 
in even-aged groups suggests th: 


of forest management which ma 


in each case. The number « 


acre and their quality in orig 


ests also give important kevs to 1 


ductivity of forest soils and to 


of stand improvement applicabl 


second-growth forests 
virgin forest undergoing cycles 
talitv followed by rejuvenation 


cellent indicators of Ways to se 


, 
Portions 


ural regrowth following man-ma 


vest cuttings in mature forests 
The Tionesta Natural and See 


possess an interesting animal pop 


of large and small mammals, 
bear, whitetail deer, porcupine, 
bobeat, beaver, muskrat, mink 


and snow-shoe hare Common 
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A LARGE BEECH TREE 
ASURING 30.6 INCHES IN DIAMETER, IN THI 
TIONESTA SCENIC AREA. 


short-tailed shrew and the gray squirrel] 
with a preponderance of black forms 
Less common are the red-backed mouse, 
woodland jumping mouse and smoky 
shrew. The gray fox and the opossum 
are southern species also found in the 
Tionesta. There is a great variety of 
bird life. Reptiles are not common, but 
certain amphibians are fairly abundant, 
and at least nine species of fishes are 
found in the main streams. Among the 





vertebrate animals the dominant species 
are generally Canadian Zone types 
This forest is especially valuable for 


studying the inter-relationships among 


PROGRESS OF 


the smaller forms are the red squirrel, 


‘+hipmunk, two species of deer mice, the 


SCIENCE 





4 SUGAR-MAPLE TREE 
MEASURING 29.4 INCHES IN DIAMI 


BEECH AND HEMLOCK IN THE BACKGRO 


all forms of animal life in a relativ 
unspoiled or natural environment pet 
mitting the unhampered working of bio 
lomie laws. 

The virgin forest has a great influe) 
on the local climate beneath its canop 
and generally ameliorates extremes of 
temperature, reduces wind movement 
and lessens evaporation. More informa 
tion on the so-called microclimate 
forests and open areas can be obtained 
Likewise the influence of the forest on 
the protection ol watersheds throug! 
prevention of erosion, streamflow regula 
tion and soil upbuilding should receive 
detailed study 

Harpy L. SHrrury 


FOOTPRINTS 100,000,000 YEARS OLD 


FURTHER evidence of the prehistoric 
monsters that roamed the earth millions 
of years ago, a group of dinosaur foot- 
prints perfectly preserved in limestone, 
has been uncovered in Bandera County, 








been aroused by the find. AS these Tracks 


Texas. by a WPA paleontological pro 


sponsored by the | niversity of Texas 


Considerable scientifie interest has 


are the first ones that so far have been 
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gi 
7 A 
five-foot strides along the expose: Ae 
: * a 
tion Among the carnivore tracks 1 v0 


are also those of a baby, probal 


discovered in a condition suitable for 
scientific study Also interesting is the 
fact that both the five-toed prints of the 
huge sauropod or herbivorous dinosaur 
and the three-toed tracks of the smaller 
but ferocious carnivorous type were 


found in the same location 
The tracks were found deeply im- 


bedded in a cretaceous limestone layer 


underly ine some twelve feet of soil alone 
the bank of the West Verde Creek. a few 
miles southwest of Bandera, Texas 


WPA workers, under the supervision of 


Roland T. Bird of the American Mu 
seum of Natural History, carefully cut 
back the top lavers of the soil and gravel 
and laid bare the prints. The tracks are 
now being studied and preserved and 
specimens will be displaved at the Amer 
ican Museum of Natural History in New 
York City and at the University of Texas 
Memorial Museum at Austin. 

To the trained eve of the scientist the 
giant five-toed tracks, along the West 
Verde Creek, tell a story of a whole herd 
of sauropod dinosaurs which millions of 
vears ago sloughed through the soft, 
warm mud of an inland sea covering 
much of Texas. The tracks give evidence 
of possibly eight or nine of these huge 
50-foot-long quadrupeds which belong to 
the same group as the well-known Bron- 
tosaurus. The imprints of one baby be- 
longing to this group were also found. 

A perfect row of three-toed, carnivo 
reus dinosaur tracks, cut some three in- 
ches deep in the limestone laver, were 
found. These prints, looking like huge 


three-toed bird tracks, proceed for fifteen 


larger than a kangaroo, according t 
mates. These prints give every e) 
of being those of the erect pre 
dinosaurs which roamed in packs 
preved upon the slower’ herb 
sauropods. 

It is the curiously rounded, fi 
prints of the mammoth sauropod 
has caused the most scientific int 
however. Measurements made 
West Verde site indicate that the 
footprint was 32 inches from hee! 
and that this mammoth ampl 
walked with a nine-foot stride. | 
these measurements it is estimate 
the largest of this group was aj 
mately 14 feet high at the hips 
about 50 feet long and weighe 
than 10 tons. 

Although many fossil remains 
giant sauropod, of which Brontos: 
the ‘‘thunder-lizard,’’ is perhaps 
best representative, have been dis 
ered in the western and southwes 
portion of the United States and ¢ 
ada, no clear-cut footprints, adaptal 
scientific study, have been uncovere 
fore. This is probably due to the 
that the amphibious sauropod spent ! 
of this time in the water, feeding 
marine vegetation; and the mud 
over which he oceasionally wan 
were subject to wave action and ot 
elements which would destroy the tri 


A.S 











